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I^^rRODUCTION
The synthesis and characterization of hydroperoxides 
have increased in importance in recent years as the inter­
est in oxidation of hydrocarbons has spread. The produc­
tion of phenol and acetone by the air oxidation of cumene 
has been recently commercialized after a fifteen year 
period of study^, and other similar processes are possible. 
This general type of process offers a method of introduc­
ing a substituent on an aromatic ring without intermediate 
chlorination or sulfonation. As a result of the observa­
tion by members of the staff of API Research Project 4-5 at 
The Ohio State University that hydrocarbons react with oxy­
gen in the atmosphere (under normal storage conditions) to 
a greater or lesser degree depending on the type of hydro­
carbon, a program involving synthesis, purification and
2
properties of hydroperoxides was started.
The occurrence of hydroperoxides as intermediates in 
the oxidation of hydrocarbons has been postulated and the 
circumstance of their formation has been tentatively ex­
plained by Walsh who postulated a free radical mechanism 
for their formation and decomposition.^
Numerous pure aromatic hydrocarbons have been prepared 
by API Research Project 4-5 and submitted to engine testing 
in the laboratories of General Motors Corporation.5 in 
view of the high qualities of such compounds as benzene
and ethylbenzene and the rate of peroxide formation from 
ethyl benzene as compared with other aromatic hydrocarbons 
an investigation of the synthesis, purification and proper­
ties of aralkyl hydroperoxides was b e g u n , A  number 
of such hydroperoxides have been prepared and identified 
in this study. Such compounds can be useful in the study 
of controlled oxidation as shown by workers at the Nation­
al Advisory Committee for Aeronautics,^
LITERATURE SURVEY
In the synthesis of hydroperoxides the methods availa­
ble come under two general classes which are (1) the direct 
replacement of a hydrogen atom in a hydrocarbon or other 
suitable compound by a hydroperoxy group, the agent being 
molecular oxygen, either catalyzed or uncatalyzed, and 
(2) the conversion of a functional group into a hydroper­
oxy group by some agent like hydrogen peroxide, sodium 
peroxide or molecular oxygen.
Direct oxidation of hydrocarbons using molecular oxy­
gen, either in a pure state or as a component of the air, 
is probably the oldest known method for the preparation of 
hydroperoxides. It has been used both in liquid phase and 
vapor phase reactions. In the liquid phase by use of 
ultraviolet light and oxygen, Criegee prepared the follow­
ing hydroperoxides: cyclohexenyl, benzyl, cyclopentenyl
and decalylo^® Hock and Lang similarly prepared p-menthyl, 
a-tetralyl and a - i n d a n y l T h e y  also oxidized ^-xylene» 
ethylbenzene and diphenylmethane, among others.12 Arm­
strong and his coworkers oxidized cumene in a basic emul­
sion system with air; this process has resulted in the com­
mercial production of acetone and phenol.1^ A patent,
US 2511957» calls for the oxidation of tetralin at 80° with 
O2 in the presence of an initiator.^^ Kharasch has oxi­
dized ethylbenzene and £-xylene in the presence of ultra­
violet light.Another patent, US 2558844, claims the 
photoxidation of 2-methyl-2-butene to a hydroperoxide mix­
ture.1& Hawkins oxidized sec-butvlbenzene. and observed 
oxidation at the activated carbon.1?
A vapor phase reaction was patented by Vaughan and 
18
Rust. This method was described for tertiary hydroper­
oxides, particularly tert-butvl. and involved a hot tube 
reaction at 180® catalyzed by hydrogen bromide.
Most of the work of this nature involves replacement 
of either allylic, benzylic or tertiary hydrogens. Hoff­
man has shown in the liquid phase oxidation of ethylcyclo- 
hexane at 120® that there is a random attack on hydrogen.19 
Cullis claimed in 2-methylbutane that the methylene hydro­
gens are preferentially o x i d i z e d . I n  another work, it 
is said that under liquid phase conditions heptane gives 
only oxidation at the number two carbon, as indicated by
21
recovery of methyl-n-amyl ketone and 2-heptanol*
In 1903 Baeyer and Villiger employed the reaction of 
a dialkyl sulfate with hydrogen peroxide in the presence 
of caustic soda*^^ By this method methyl, ethyl, propyl, 
and isopropyl hydroperoxides have been prepared. It has 
been noted that this method is limited, first, by the 
availability of the corresponding dialkyl sulfate, and sec­
ondly, by a solubility factor*^^ Hoffman found that di­
isooctyl sulfate did not react according to the conditions
24of Baeyer and Villiger. Davies and coworkers were un­
able to obtain any sec°butyl hydroperoxide by treating
1-methylpropyl sodium sulfate with neutral 90^» or alka­
line 3<^ hydrogen peroxide.
Recently work was presented by Lindstrom in which he 
prepared n-butyl and sec-butvl hydroperoxides in relative­
ly good y i e l d s . H e  modified the Baeyer-Villiger method 
by substituting essentially methanolic potassium hydroxide 
for the aqueous system originally used. This in effect 
changed the solubility factor and the success of this work 
has been attributed to the existence of a one-phase system. 
There are prospects that this method may prove general and 
may be used even to give better yields of the lower alkyl 
hydroperoxides.
Another modification of the Baeyer and Villiger 
method was recently reported by Williams and Mosher*^^*^^ 
These workers substituted for dialkyl sulfates alkyl 
methanesulfonates(alkyl mesylates) in methanolic potassium 
hydroxide and hydrogen peroxide. By this method they pre­
pared a long series of normal and secondary alkyl hydroper­
oxides, the yields being satisfactory. More recently these 
same workers using a modified prodedure also prepared allyl 
hydroperoxide in small yield.
The use of alkyl toluenesulfonates in place of alkyl 
sulfates in the Baeyer-Villiger method has been reported to 
be unsuccessful as have attempts to cause alkyl halides to 
react with sodium and barium peroxides.3^ Hoffman has been 
able to alkylate hydrogen peroxide using an allylic bro­
mide, the yield being small, however.This apparently 
gave the same hydroperoxide as was found in a direct oxida­
tion method. Unpublished work of the author shows that 
lower alkyl £-toluenesulfonates can be successfully used 
although the question of solubility is important here.^^ 
Presumably this could be extended to higher alkyl £-tolu- 
enesulfonates in suitable solvents. Sellers was unable to 
form any hydroperoxide with alkaline hydrogen peroxide in 
a one step process from diisobutylene.33
The method of Milas is suited to the preparation of 
tertiary alkyl hydroperoxides.34 in his patent, the reac­
tion of 30^ hydrogen peroxide with the corresponding olefin 
or alcohol in the presence of 70^ sulfuric acid at a low 
temperature is said to give a good yield of hydroperoxide^^ 
The formation of an alkyl acid sulfate is assumed since 
both isobutylene and tert-butvl alcohol give the same pro­
duct. By this method hydroperoxides have also been made 
from the following tertiary alcohols; amyl, methylcyclo-
hexanol and triethylmethylcarbinol.3^»37»38 reaction
with ethylcyclohexanol failed.39 Hoffman found that di­
isobutylene did not react in a manner similar to isobutyl­
ene, as described by Milas, but he was able to prepare the 
tertiary hydroperoxide corresponding to iso-octane by de­
vising a different procedure in which 40^ sulfuric acid in 
the presence of 12-15^ hydrogen peroxide was used.^^ This 
investigator also found that the dialkyl sulfate gave a 
small yield of the hydroperoxide, recovery by distillation 
being impractical.
The literature does not record the successful use of 
Milas' procedure in reaction of other than a tertiary alco­
hol or tertiary olefin.
Criegee, in his voluminous research on peroxy com­
pounds, used 90^ hydrogen peroxide, with catalytic amounts 
of sulfuric acid, as a reagent for the reaction of tertiary
alcohols. He prepared a long series of hydroperoxides in­
cluding triphenylmethyl, ethyicyclohexyl, triethylmethyl, 
tetramethylethyl, pentamethylethyl and trap^-Ç-decalvl.^^**^ 
He also prepared the corresponding dihydroperoxides from 
2,5"dimethylhexane-2,5~diol and 2,7“dimethyloctane-2,5" 
diol.^^ This method is limited to small scale reactions by 
the hazardous nature of 90^ hydrogen peroxide.
Sellers attempted to use hydrogen peroxide and 
oleum in reactions with diisobutylene without success.
Other solvents such as acetic acid, nitrobenzene, ethyl 
ether or trifluoroacetic acid were of no assistance.
Some recent work in which Criegee*s method was used
47has been reported by Davies and his co-workers. These 
investigators used 9<^ hydrogen peroxide in reactions with 
olefins, carboxylic esters, alcohols and alkyl sodium sul­
fates. In addition to the already-known reactions of 900 
hydrogen peroxide with tertiary alcohols such as butyl and 
3,5~dimethylhexane-3-ol, they demonstrated that ordinary 
aliphatic alcohols like 2-butanol and 3,3-dimethylbutane-
2-ol are recovered unchanged, thus confirming Criegee*s 
work, while aromatic alcohols such as methylphenylcarbinol 
are reactive. This reactivity of methylphenylcarbinol was 
previously observed by Kharasch who used dilute hydrogen 
peroxide and was able to prepare the hydroperoxide in small
/ O
yield. In Davies* work, also, benzhydrol and a-tetralol
8were reactive* In all cases studied, reaction took place 
in the presence of sulfuric acid, but some alcohols reacted 
in the presence of the weaker formic acid while others re­
acted even in the absence of catalyst*
These English workers demonstrated that alkyl hydrogen 
phthalates, converted to sodium salts and dissolved in con­
centrated hydrogen peroxide, react to form the correspond­
ing hydroperoxides* This reaction failed with 1-phenyl- 
ethyl hydrogen phthalate, however* The acetate of a-tetra- 
lol stirred with concentrated hydrogen peroxide and formic 
acid gave a poor yield of the hydroperoxide, but neverthe­
less it was demonstrated that reaction is not restricted 
to hydrogen phthalates*
These same authors were unable to obtain any sec-butvl 
hydroperoxide with neutral 90^ hydrogen peroxide, a result 
which agreed with most attempts on such compounds*
In their work on olefins, Davies and his associates 
were able to produce hydroperoxides from 2-methyl-2-butene 
and 3»5“dimethyl-2-hexene while cyclohexene was not reac­
tive to such treatment* This result agreed with work by 
Greenspan who found hydrogen peroxide to have no effect on 
such olefins as 1-pentene*^^ And, more recently, the re­
activity of other more complex aromatic alcohols toward 
hydrogen peroxide was demonstrated*^^ These workers list 
the results on substituted benzhydrols such as the
4-methoxy, 4-phenyl » 4,4*-dimethoxy-and the 4-methyl*- 
Strangely enough benzyl alcohol was recovered unchanged 
while xanthydrol reacted even in the presence of 30^ hy­
drogen peroxide with acid catalysis or in the absence of 
catalyst with hydrogen peroxide*
Wieland and Maier showed in 1913 that triphenylmethyl 
halides react readily with concentrated hydrogen peroxide.^ 
Bartlett and Cotman later presented work showing that 
p-NOg-triphenylmethyl chloride is less reactive towards 
hydrogen peroxide, but that catalysis by stannic chloride,
which aids the removal of the chloride, furthers the reac- 
%
tion* Unpublished work of the writer shows that tert­
iary aliphatic chlorides and aryl allylic chlorides react 
with 30% HgOg*^^
The reaction of aryl Grignard agents on treatment with 
air was reported by Bodrpus to give phenols in poor yields^ 
Later, Bouveault recoaxJed the observation that aliphatic 
Grignard reagents react with air to give alcohols, the 
yields being higher than in the cases of phenols from the 
aryl Grignard reactions*Wuyts postulated an intermedi­
ate Grignard peroxide, ROCMgX, since oxidized solutions of 
ethylraagnesium bromide gave a positive peroxide test with 
acidic potassium iodide*^^ In 1906 Schmidlin actually iso­
lated triphenylmethyl peroxide by oxidation of the Grignard 
57reagent*
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In 1953 Walling and Buckler studied this reaction and 
developed a method for the synthesis of hydroperoxides from 
both aliphatic and aryl Grignard reagents#^# The procedure 
consisted essentially of direct oxidation, using molecular 
oxygen, of a solution of the reagent in ether at -75®*
They found the method worked best for chlorides and that 
tertiary compounds gave the highest yields* This method is 
apparently limited only by the availability of the Grignard 
compound*
III. STATEMENT OF THE PROBLEM
It is apparent from the literature that preparation of 
aralkyl hydroperoxides has been limited to three general 
methods: (1) direct oxidation of a suitable hydrocarbon,
(2) direct replacement of some functional group by the hy­
droperoxy group and (3) the conversion of the magnesioha- 
lide function of a Grignard reagent to a hydroperoxide salt. 
These methods are suitably illustrated by the air oxidation 
of toluene and of cumene to the corresponding hydroper­
oxides, by the conversion of methylphenylcarbinol with 90^  
hydrogen peroxide to a-methylbenzyl hydroperoxide, and by 
the oxidation of benzylmagnesium chloride to the correqwnd- 
ing peroxy magnesiohalide salt.
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Accordingly, the scope of the problem was outlined as 
follows:
1) To study the reaction of alkylphenyl and of ring- 
substituted alkylphenylcarbinols with hydrogen peroxide.
2) To study the reaction of hydrogen peroxide with 
the unsaturated function in phenylated olefins and in sub­
stituted cycloalkenes.
3) To study the conversion of benzyl alcohol and of 
ring-substituted benzyl alcohols?to the corresponding hy­
droperoxides with hydrogen peroxide.
4j To study the reaction of cinnamyl alcohol, 
a-phenylallyl alcohol and of styrylmethylcarbinol with hy­
drogen peroxide.
5^  To study the reaction of a-tetralol and of a-in- 
danol with hydrogen peroxide.
IV. DISCUSSION
A. Methods of Preparing Hydroperoxides
A few preliminary experiments indicated that suitable 
starting materials for the preparation of aralkyl hydroper­
oxides might be the corresponding alcohols or olefins.
From the literature survey, it was seen that tertiary al­
cohols of the aliphatic type and the corresponding tertiary 
olefins had been useful for preparing hydroperoxides. Also, 
it was recognized that 90% hydrogen peroxide had been util-
12
lized for the conversion of such alcohols as 9-decalol, 
a-tetralol, and benzhydrol to hydroperoxides*^^ And, while 
this work was in its last stages, the extension of this 
technique to numerous substituted benzhydrols was pub­
lished*^^
The non-reactive nature of ordinary secondary and pri­
mary alcohols towards hydrogen peroxide was recognized* 
Considering these two extremes, the writer felt that pri­
mary and secondary aromatic alcohols or aralkyl carbinols, 
etc*, should be intermediate in reactivity* Accordingly, 
the reaction of such alcohols with hydrogen peroxide was 
chosen for investigation* The effect of hydrogen peroxide 
concentration, acid strength, reaction time, reaction sol­
vent, stirring, temperature, and the method of isolation 
were the factors to be studied*
Finally, in recognition of the fact that an olefin 
reacts with sulfuric acid to give the same intermediate as 
does the corresponding alcohol, the reaction of phenylated 
olefins was also chosen for study and the same factors in­
volved were investigated*
1* Preparation of hydroperoxides from alcohols 
a* Synthesis of a-methylbenzyl hydroperoxide*
A method for the synthesis of a-methylbenzyl hydroper­
oxide from methylphenylcarbinol using dilute hydrogen per­
oxide in sulfuric acid solution was devised* Yields of 40-
13
50^ based on the alcohol consumed were obtained* The un­
reacted alcohol was recovered by distillation from the or­
ganic residues of sodium hydroxide extractions of the hy­
droperoxide concentrate*
In this procedure, a poition of the carbinol, dis­
solved in benzene, was added with vigorous stirring to an 
aqueous layer containing 30^ hydrogen peroxide and 15^ 
sulfuric acid* At the end of the reaction period the or­
ganic phase was separated, washed with saturated sodium bi­
carbonate several times and then with water, dried over 
sodium sulfate and concentrated on a warm water bath at re­
duced pressure*
The organic residue was analyzed for hydroperoxide and 
then diluted with ether to a known concentration of 4-6^* 59 
Treatment of this solution with 40^ sodium hydroxide in 
slight excess with vigorous stirring at 0-5® resulted in 
the formation of a white precipitate* After refrigeration 
for 24 hours, the precipitate was filtered off and washed 
by décantation with several portions of ether* The salt 
was then suspended in fresh ether and treated with dilute 
hydrochloric acid with stirring* Recovery of the organic 
product gave concentrates of 75-85# when analyzed for hy­
droperoxide*
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A study was made of the effect of reaction medium on 
the yield of hydroperoxide* With no organic solvent, any 
concentration of acid and hydrogen peroxide used resulted 
in some decomposition as indicated by a rapid rise in temp­
erature, occurrence of colored solutions, tar formation, 
odor of acid decomposition and loss of hydrogen peroxide 
without attendant increase of organic hydroperoxide* With 
an organic solvent such as alkane sulfonic acid (a mixture 
of lower alkyl sulfonic acids) the reaction became violent 
and explosions resulted* This result when a solubilizing 
agent was present was apparently due to the rapid decompo­
sition of the organic hydroperoxide formed in the homo­
genous solution* When an organic solvent such as benzene, 
was used as an organic phase, there was a slow but constant 
rise in organic hydroperoxide content of the benzene layer* 
Other solvents such as toluene were found to be suitable 
also*
The ratio of the benzene to the alcohol was found to 
be important* With small amounts of benzene, such as 1 ml* 
of benzene per gram of alcohol, decomposition was prominent, 
increasing with reaction time* This result was probably 
due to the increased solubility of the acid in the organic 
phase* A suitable procedure was to use about ^0 ml* of 
benzene per 10 g* of alcohol*
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The ratio of the aqueous layer to the amount of alco­
hol was of importance also. Usually a ratio of 5*1 was 
used and found satisfactory. Thus, a typical mixture would 
be 10 g, of alcohol, 50 ml. of benzene and 50 g, of an 
aqueous phase, the overall aqueous-organic ratio being 
about 1:1.
The effect of acid strength was studied. Essentially 
catalytic amounts of sulfuric acidCa few drops) were of no 
use in forming the hydroperoxide. Acid strengths of the 
order of 4-0^  resulted in decomposition or explosions, de­
pending on the presence or absence of a diluting solvent. 
Acid strengths of 12-17^ were found to be best. The 
strength of the hydrogen peroxide in combination with the 
sulfuric acid was important. With an acid strength of the 
order of 40%, some decomposition resulted whether the hy­
drogen peroxide content was low or high. With an acid 
strength of 15^» low concentrations of hydrogen peroxide 
were ineffective; but with }0o hydrogen peroxide, formation 
of the organic hydroperoxide was accomplished;
Vigorous stirring was important. Stirrers of the 
Hershberg type were ineffectual since they tended to merely 
generate an inverted cone of liquid with little mixing,
The same was true of the paddle-type stirrer. The best 
type of stirrer was found to be one of the egg-beater type. 
The combination of an egg-beater stirrer and an indented
16
Morton flask was found to give highly efficient stirring 
with an almost incredible amount of liquid turnover*
The first runs were made, with the temperature at 0- 
5° for the entire reaction period* Later, it was found 
that results were just as good if the reaction started at 
0-5° and then came to room temperature by the end of the 
reaction period* Continued stirring at room temperature 
then resulted in a loss of hydrogen peroxide and a concur­
rent loss of organic hydroperoxide accompanied by the ap­
pearance of color and the odor of acid decomposition*
The reaction period was an important factor* It was 
intimately connected with the other factors just discussed, 
particularly the acid and hydrogen peroxide concentrations 
and the ratio of the amounts of organic and aqueous phases* 
A suitable combination of all these factors resulted in a 
reaction time of about 20 hours* Longer periods resulted 
in decomposition with no attendant conversion increase*
b* benzyl hydroperoxide
A procedure for the conversion of benzyl alcohol to 
benzyl hydroperoxide was devised from the extensive work 
on methylphenylcarbinol* Regardless of the concentration 
of hydrogen peroxide or of the acid, or of the relative 
concentrations, decomposition always took place even at the 
temperature, 0-5°, of the initial reaction* At high hydro­
gen peroxide concentration, about 45%, with a 10% acid
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concentration, there was little build-up of hydroperoxide, 
but these conditions were found to give minimum decomposi­
tion»
Finally, after several runs it was found that a solu­
tion containing 37^ hydrogen peroxide and 21% sulfuric 
acid gave the best conversion of alcohol to hydroperoxide 
with minimum decomposition* Reaction time was 21 hours*
The instability of primary hydroperoxides towards 
strong bases was quickly apparent in the case of benzyl 
hydroperoxide* The usual technique of addition of sodium 
hydroxide was not suitable in this case* A modified tech­
nique in which the hydroperoxide was quickly extracted by 
an alkaline aqueous phase was developed* Even with this 
procedure decomposition was evident* An attendant pink-red 
color always accompanied these decompositions*
c. cinnamyl and a-phenylallyl hydroperoxides 
Cinnamyl alcohol, although differing in structure from 
benzyl alcohol only by a vinyl linkage, apparently reacted 
more readily with hydrogen peroxide than did benzyl alco­
hol* In addition the alcohol was more stable to the reac­
tion conditions, and the resulting hydroperoxide was also 
more stable since there was little evidence for decomposi­
tion*
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Seemingly, hydrogen peroxide reacted with the alcohol 
function and with the double bond as a chromatogram showed 
three main zones. A light upper zone was found in a posi­
tion indicative of a polyfunctional compound, probably 
formed according to the equations:
r"'%|CH=CH-CH20H +
a
HCHgCHgOH + OGH*
r"^^|CH=CHCH20H + 2G0H“
0CHCH2CH2OH
^  lœH
The identity of this polyfunctional compound was not deter­
mined. Near the lower end of the chromatogram were two 
well-defined zones of heavy intensities. These were in the 
general range expected of a nine-carbon monofunctional com­
pound. These two zones were probably due to isomeric hy­
droperoxides formed as follows:
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HsCHCHaOH
+ H’'
CH=CHCH2
!^%|CH=CHCH2
+ OOH
+ OOH
0CH=CHCH20H2a +H=CHCH2 + H^O
^  j^^^jCH=CHCH200H
D
HCH=CH2 
OH
This reaction has some support from the known reac­
tion of cinnamyl alcohol or of phenylvinyl carbinol with 
phosphorus tribromide to give a mixture of the two iso­
meric bromides, cinnamyl and a-phenylallyl, the reaction 
of either alcohol or of the corresponding acetates with 
mineral acids, the reaction of cinnamyl bromide with potas­
sium acetate and the reaction of the Grignard reagent of 
cinnamyl chloride to give products which are derivatives 
of phenylvinyl carbinol.
20
In further support of these reactions, the following
67
results are given* The reaction mixture when treated 
with 40% sodium hydroxide warmed spontaneously and upon 
further warming on a steam bath gave cinnamaldéhyde; this 
can be formulated according to the following equation:
r^ ^^ yCHpCH-CHgOOH
+ OH
K^^%CH=CH-CHOOH
I J  + H2O
;H=CH-OT(g>H <^^%YCH=CHCHO
+ OH
From this same reaction mixture phenylvinyl ketone was 
found and its occurrence can be explained by the equations*
D
H-CH=CH2 
OH 0C-CH=CH260H ^20
r"^^-CH=CH2 (11 joOH + OH
Thermal decomposition according to the equations
0
CH-CH=CH2 :HCH=CH2
6 + *0H
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r^^%^CHCH=CH2
u
^^^SyCHsCHCHzO*
fT'^ '^ScCHsCHa
11
0 + H*
rT^^^vCHCHCHaO*
f<%YCH=CHCHO
+ *0H
+ H.
gave phenylvinyl ketone and cinnamaldéhyde while acidic 
decomposition at room temperature gave a complex mixture 
indicated by the following equations:
OOH + H
[<^ %yCH-CH=CH2 f<^ %hCH-CH=CH2
ioHa"*" 0 +H2O
r'^OppHCHsCHa
rr"^0-CHCH=CHa -CHCH=CH2
O
OH
+ CH2=CH-CH0
phenol and acrolein were isolated as evidence.
HsCHCHaOOH + fr^^^CHsCHCHaOOHo rf^^^CHsCHCHaO
+ H--4» I - ^ 1 1  I
+HaOU
a
H=CHCHaO ^CH=CH-OCHa
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+ HgO —  > u + H
f^ ^^ yCHkCH-O-CHgOH X%X:H=CH-OH
 >  + HCHO
 >V
and from which phenylacetaldehyde and formaldehyde were 
identified*
do 1,2,3,4-tetrahydro-l-naphthyl hydroperoxide 
Pure 1,2,3,4-tetrahydro-l-naphthyl hydroperoxide has 
been prepared, a-tetralol being the starting material*
This alcohol differed greatly in reactivity from any of the 
alcohols previously discussed, or yet to be discussed, with 
the exception of a-indanol* It reacted rapidly with hydro­
gen peroxide to yield the organic hydroperoxide* Evidence 
for decomposition at was noted within one hour; thus 
it rivaled an alcohol like benzyl in instability* The ease 
of reaction was quickly noticeable as the percent conver­
sion rose to about 80^ of the theoretical* Another inter­
esting factor was the ease with which this hydroperoxide 
was purified by sodium salt formation* The salt formed at 
10-15® and crystallized well; washing and filtering thus
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were easily done* It was observed that the hydroperoxide 
was unstable in the presence of sodium hydroxide, decom­
posing to give a-tetralone} this, of course, is one method 
for the preparation of a-tetralone as listed by Organic 
Syntheses*^^
e* a-indanyl hydroperoxide
This alcohol was actually the most active alcohol used 
in this study if one uses as a criteria of reactivity the 
ease of formation of the hydroperoxide* In its unusual re­
activity it rivaled that of tertiary alcohols like 2,3-di­
methyl -2-butanol which was shown by the writer to be easily 
converted to a h y d r o p e r o x i d e *^9 it also was similar to the 
latter in that there was little evidence for decomposition 
even at the end of the reaction period.
The percent conversion here approached theoretical and 
the original reaction concentrate was more than 90^ hydro­
peroxide* However, at this point a piece of evidence was 
found which verifies what has been tacitly assumed as re­
gards purification of hydroperoxides by sodium salt forma­
tion with the usual technique* No improvement in purity 
of this hydroperoxide was effected by treatment with alka­
li, either in excess, equivalent ôr less-than-equivalent 
amounts* Hence, the assumption that about 90^ purity is 
the practical limit for purification by sodium salt extrac­
tion was experimentally verified. Numerous attempts to
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increase this purity by alkali extraction resulted either 
in recovery of the unchanged hydroperoxide or decomposition
tô a-indanone*70
f* 0-, m-; and p-methylbenzyl hydroperoxides 
The three tolyl carbinols were investigated for poss­
ible conversion to hydroperoxides and as an isomeric group 
of alcohols which might show some systematic gradation in 
reaction with hydrogen peroxide in acid solution*
All of the alcohols reacted normally and more readily 
with acidic hydrogen peroxide than did benzyl alcohol as 
evidenced by a series of reactions in which they and benzyl 
alcohol were treated under identical reaction conditions* 
Under conditions which were controlled to give decomposi­
tion* the tolyl carbinols and benzyl alcohol build up small 
concentrations of organic hydroperoxides; the order of mag­
nitude ' f the concentrations is p-tolyl > m-tolyl 
o-tolyl > phenyl* This same order obtained when conditions 
were such that some decomposition did occur, that is, con­
ditions where the conversion was in the practical range*
In Table I are shown some of the data on this series of al­
cohols*
The hydroperoxides from the three tolyl carbinols were 
more stable in the presence of strong base such as sodium 
hydroxide as is evidenced by the fact that the activity of 
the hydroperoxides was increased more easily and with less
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decomposition by alkaline extraction and recovery of the 
hydroperoxides» Benzyl hydroperoxide, as stated previous­
ly, was very unstable in the presence of base, easily form­
ing benzaldehyde*
TABLE I
Comparison of Tolylcarbinols and Benzyl Alcohol 
with Methylphenylcarbinol
C6H5CH2OH
0 -CH3C6H4.CH2OH
m-CH3C6H4.CH20H
2-CH3C6H4CH2OH
C6H5CHOHCH3
H2S04B Cone# H2O2 Decomp. % ROOM
10 45 No 2
30 30 Yes 3
10 30 No trace
10 45 No 3
30 30 Yes 2.4
10 45 No 4.5
30 30 Yes 6.0
10 45 No 10
30 30 Yes 6.8
10 45 No 18
a. All concentrations are by weight.
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The tolyl carbinols and benzyl alcohol reacted less 
readily with hydrogen peroxide in acid solution than methyl­
phenylcarbinol, a carbinol isomer. In addition, methyl­
phenylcarbinol was the most stable of all five alcohols 
under the conditions used. The hydroperoxide from methyl­
phenylcarbinol was the most stable to acid or base and to 
heat. The stability toward acid was expected from the fact 
that in considering the stability of hydroperoxides towards 
acid workers have established the order tertiary > second­
ary > primary. No order of stability of hydroperoxide to­
wards base has been established while there has been some 
discussion of the stability towards heat.^^ The sodium 
salt of a-methylbenzyl hydroperoxide crystallized very 
nicely; this behavior was not found, in general, of the 
others.
The recognized superiority of methylphenylcarbinol in 
such a reaction as used here can be ascribed to a fortui- 
tious combination of factors© It is the only secondary 
alcohol; in addition to being an benzylic alcohol, it has 
a methyl group on the carbinol carbon the site of the re­
action. Hence, we have the structure which can stabilize 
an intermediate carbonium ion to the greatest extent once 
it is formed and we have at the same time one of the best 
structures to aid in carbonium ion formation. In the 
equations shown
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lOHR»
H
i j
H20
the production of the carbonium ion is the first step* The 
presence of the phenyl group by conjugative electron dis­
placements assists in the removal of the hydroxyl group*
It is also aided by the inductive effect of the methyl 
group* The phenyl group is more effective than the alkyl 
groups in a tertiary aliphatic alcohol reaction where the 
formation of the carbonium ion is only aided by the induc­
tive effects of the alkyl groups*^^
The stabilization of the carbonium ion or delocaliza­
tion of charge can be pictured for methylphenylcarbinol as 
structure A, shown below, which is a convenient method of 
picturing the combination of the powerful resonance sta­
bilization of the phenyl ring, the inductive effect of the 
methyl group and the hyperconjugative resonance of the 
methyl hydrogens*
r \(g
rf"^cHcrti
A X
n
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For £»tolylcarbinol, structure B is a composite repre­
senting the resonance stabilization of the phenyl ring, 
the inductive effect of the methyl group and the hypercon­
jugative resonance of the methyl group. Structure C repre­
sents the meta isomer while B represents the ortho isomer. 
It should be noted that for the meta isomer only the induc­
tive effect of the methyl group and the resonance effect 
of the ring can operate. The composite structures B and C 
represent the same number of contributing forms while C is 
composed of a smaller number. Structure A has the largest 
number. In addition, the inductive effects of the methyl 
groups in A, B, C and D will have different magnitudes. 
Thus, these alcohols all should react differently, as has 
been found. This behavior is similar to that of benzyl 
and aralkyl halides in SNl reactions.73
g. m- and p-methoxybenzyl hydroperoxides 
In the preparation of these two hydroperoxides the 
powerful activating influence of the methoxy group has 
been demonstrated. There were two effects, the inductive 
and the resonance, and it has been shown that the resonance 
effect is by far the more important.
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These alcohols were chosen as examples of substituted 
benzyl alcohols in which the substituent is electronega­
tive. The behavior of such a group would not be expected 
to favorably effect a reaction which is facilitated by 
electron accession to the seat of the reaction.
Inductively the methoxyl group should not favor car­
bonium ion formation since it would cause the carbinol 
carbon to become more positive, thus tending to hinder the 
protonation of the hydroxyl group. However, the resonance 
effect should favor the formation of a carbonium ion since 
this increases the electron density at the carbinol carbon. 
Furthermore, the carbonium ion is stabilized by resonance 
and structure E represents a composite which is the result 
of the inductive and resonance effects of the methoxyl 
group and the resonance of the phenyl ring.
CHi.
The extremes to be expected from a methoxy substi­
tuted benzyl alcohol would be complete non-reactivity or 
greatly enhanced reactivity, but this result has not been 
observed. The alcohol did react with acidic hydrogen per­
oxide to give a concentrate which contained organic hydro­
peroxide. The meta isomer was converted to a hydroperoxide 
but to a lesser extent than the para isomer. This is in
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line with the fact that there can be no stabilization of 
the carbonium ion by the resonance effect from the meta 
position, and the resonance effect can only increase the 
overall electron density of the ring itself.
The action of a methoxyl group in such a manner, that 
is, by interaction of the unpaired electrons of the oxy­
gen, has some basis in fact as shown by the effect of a 
methoxyl group upon the acidity of benzoic acid. While 
benzoic acid has a Ka of 6.27 x 10"^ in water at 25®, 
£-methoxy benzoic acid has a Kà of only 3*38 x 10"^.^^
One further piece of evidence which supports the state­
ments just made about the stabilization of the carbonium 
ion is the fact that p-methoxyphenylcarbinol was not readi­
ly reduced by sodium in liquid ammonia, a process which has 
been postulated to go through a carbanion m e chanism.It 
was stated that the mesomeric effect of the unpaired elec­
trons of the oxygen would prevent the carbanion resonance 
with the ring and hence the stability of the intermediate 
anion was decreased.
Anisyl alcohol was less stable than was benzyl alco­
hol under the conditions used for hydroperoxide formation. 
Whereas benzyl alcohol was relatively unaffected by 450 
hydrogen peroxide in 10J5 acid solution, anisyl alcohol de­
composed quickly with evolution of much heat and tar form­
ation* Probably a concentration of hydroperoxide was
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built up and then decomposed in the solution. The ideal 
acid concentration was about 10^, but the concentration of 
hydrogen peroxide was cut to 30^ to avoid excessive de­
composition of the hydroperoxide. These conditions, 30^ 
hydrogen peroxide, and 10^ acid, were of little effect on 
benzyl alcohol*
h. 1,1-diphenylmethyl hydroperoxide 
This hydroperoxide was prepared from benzhydrol under 
the usual conditions with little trouble and decomposition. 
The crude showed a high percent of hydroperoxide indicat­
ing high conversion. Thus, this alcohol displayed the re­
activity of a tertiary aliphatic alcohol or of triphenyl- 
methanol towards hydrogen peroxide in acidic solution.^^ 
This result of course can be related to the stability of 
the carbonium ion formed in the acid solution. The en­
hanced stability can be ascribed to the resonance stabili­
zation as shown in structure F. The reactivity of this 
alcohol compares well with the SNl reactivity of benzhydryl 
chloride.
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i. 1,2-diphenylethyl hydroperoxide 
The question of the unusuàl reactivity of benzhydrol 
led to the study of 1,2-diphenylethanolo This differs in 
structure by having only one phenyl group on the carbinol 
carbon and one might be led to predict that the alcohol 
would be less reactive than in the case of benzhydrol*
This actually was the case as more drastic conditions 
were required for reaction to equivalent conversion* In 
this alcohol the number of possibilities for stabilizing 
the carbonium ion is different and of a different composi­
tion* In structure G we have the composite representing 
the stabilized ion* This result of course would allow one
to postulate that in this case the resonance stabilization 
gained through the hydrogen hyperconjugation is less ef­
fective than that gained by resonance with a phenyl group.
On the other hand one could compare benzhydrol and 
1»2-diphenylethanol in another fashion, that is, from the 
degree of strain relief which is gained in the carbonium 
ion formation* In benzhydrol there is crowding in the 
unionized formed as the ortho hydrogens interfere spatial­
ly* This type of strain, discussed as B strain by Brown, 
is greater in the case of benzhydrol than in 1,2-diphenyl-
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ethanol.Hence, the increased carbonium ion formation 
in the case of benzhydrol is explicable on this basis. At 
the same time Newman has shown that in such compounds one 
phenyl group is probably sufficient for resonance stabili­
zation.79
j. 1-a-naphthyl- and 1-p-naphthylethyl hydroperoxides 
The unusual reactivity of a-tetralol towards acidic 
hydrogen peroxide led the writer to consider the reaction 
of naphthylmethylcarbinol under like conditions. The ac­
tivity of a-tetralol was ascribed to stabilization of the 
carbonium ion both with the benzene ring and in the side 
chain hyperconjugatively with the two p-hydrogens and with 
the two P'-hydrogens. This made a total of eleven basic 
forms composited as structure H.
In the case of the carbonium ion from a-naphthyl- 
methylcarbinol there are numerous forms shown as structure 
I.
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In the ion from ^-naphthylmethylcarbinol, shown as 
structure J, the number^of forms possible is smaller*
Therefore one could postulate that since there is great 
stabilization of the carbonium ion there should be ready 
reactivity in both compounds* This was borné out by the 
experimental facts as both did react. It was observed how­
ever that the a-naphthyl derivative was the more active of 
the two* This was expected since the a-naphthyl carbonium 
ion is more stabilized* The a-naphthyl group is more ef­
fective than the p-naphthyl group in facilitating dissocia­
tion of naphthyl ethanes into free radicals and it is said
Oq
that this is a result of free radical stabilization*
The conclusion could be made that resonance of the carbon­
ium ion of the p-naphthyl carbinol is less effective than 
in the a-naphthyl carbinol and that the difference lies in 
the resonance with the rings since the hyperconjugative 
resonance of the two methylggroups is probably the same* 
This conclusion would be supported by the fact that a-naph* 
thylamine is a weaker base than is p-naphthylamine, that 
a-naphthoic acid is a stronger acid than p-naphthoic acid,
and by the fact that the resonance of the p-carbonium ion
8lis less complete with the non-substituted ring* At the
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same time the possibility of a steric factor should not be 
discounted.
k. 1-styrylethyl hydroperoxide
This hydroperoxide was expected to form in much the 
same way as that derived from cinnamyl alcohol since in 
effect the parent alcohol is a substituted cinnamyl alco­
hol. In this alcohol there is a greater possibility for 
resonance stabilization and hence it was felt that the al­
cohol should at least rival cinnamyl in ease of conversion 
to hydroperoxide® This alcohol readily formed a hydroper­
oxide concentrate. In addition there apparently was less 
decomposition for this alcohol and the conditions for con­
version were more drastic. The question of rearrangement 
to give products similar to those in the case above was 
not definitely proven. It is the feeling of the author 
that rearrangement here should be less prevalent than in 
the case of cinnamyl alcohol. Here, it is a question of 
the relative stabilities of the carbonium ions
CH=CH-CB3H3 ( T ^  CH-CH=CHCH
+ and V 3+
or of the effects of a styryl and methyl group combination 
versus a phenyl and propenyl combination.
36
1* 4~a-dimethylbenzyl and 4-methoxy-a-methylbenzyl 
hydroperoxides 
These alcohols from which these two hydroperoxides 
were made presented extremes in electronic effects* In 
the one case the inductive effect of the methyl group fa­
cilitated the formation of the carbonium ion while in the 
other case the inductive effect of the methoxy group acted 
in the reverse manner* Of course# in the second case super­
imposed on the inductive effect of the methoxy group was 
the more important resonance effect of the methoxyl group 
which aided carbonium ion formation and stabilization*
Thus# this pair resembled anisyl alcohol and £-methylbenzyl 
alcohol* The methoxy substituted alcohol was far less 
stable than the methyl substituted alcohol# at the same 
time the concentration built up by the latter was larger* 
So, the combination of the inductive and resonance effects 
of the methoxy group limited the successful conversion of 
this alcohol to the hydroperoxide*
m* o-ethylbenzyl and a-ethyl-p-methylbenzyl hydro­
peroxides
These two hydroperoxides were prepared very easily 
from the corresponding alcohols* The £-methyl substituted 
alcohol gave the highest conversion* It was also the more 
unstable of the two as evidenced by the amount of tar and
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color formed* This increased reactivity of the alcohol 
was expected in view of the greater possibility for sta­
bilization of the carbonium ion furnished by the conjugated 
methyl group.
n» a-n-propylbenzyl and a-isopropylbenzyl hydroperoxides 
The preparation of these two hydroperoxides from the 
corresponding alcohols took place in much the same way as 
for other pairs of alcohols* The conversion was greater 
in the case of the straight chain alcohol while the branched 
chain alcohol was less stable under the reaction conditions* 
This can be attributed to the greater stabilization of the 
straight chain carbonium ion* At the same time, the larger 
steric requirement of the isopropyl over the propyl group 
would help to explain the increased reactivity of the ad­
jacent alcohol function in the propyl case*
o* a-2,5“trimethylbenzyl hydroperoxide 
This hydroperoxide, an isomer of the ones discussed 
in the above section, was more easily prepared in a great­
er conversion than its isomers* Thus, the effect of the 
two ring methyl groups was to help stabilize the carbonium 
ion and increase the conversion*
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2» Preparation of hydroperoxides from olefins 
a* a-ethylbenzyl hydroperoxide
Propenylbenzene reacted with hydrogen peroxide in 
acid solution td yield a-ethylbenzyl hydroperoxide. This 
olefin was chosen for investigation because it is one of 
the lower molecular weight phenylated olefins, styrene be­
ing the only possible one with a lower molecular weight.
It was felt that this olefin should be susceptible to re­
action without polymerization under much the same conditions 
as isobutylene is converted to a hydroperoxide in view of 
the fact that it is essentially a tertiary olefin. The 
phenyl group is said to have about the same effect as two 
methyl groups; hence, it might be predicted that propenyl­
benzene would have about the same reactivity as 2-methyl- 
2-butene.^^
The conversion of propenylbenzene to the hydroperoxide 
was not as high as in the case of 2-methyl-2-butene. The 
latter was easily converted to essentially pure tert-amyl 
hydroperoxide, hence the two are not of the same order of
reactivity.32
Propenylbenzene in this reaction gave the same hydro­
peroxide as did ethylphenylcarbinol. This was expected, 
as illustrated in the equations.
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>  *
^  ACHCH2CH3 + H2O
from the structures of the two compounds*
Since both ethylphenylcarbinol and propenylbenzene 
gave the same hydroperoxide it is well to compare them*
The alcohol was converted more quickly, with better overall 
conversion and less decomposition under a given set of con­
ditions, than was the olefin*
b* a-ethyl?p-methylbenzyl hydroperoxide 
in some further work on phenylated olefins the writer 
chose £-methylpropenylbenzene as an activated olefin* It 
reacted more readily than did propenylbenzene with greater 
conversion and less decomposition*
In comparing this olefin with £-tolyethylcarbinol, it 
was found that again the alcohol was more reactive but that 
the difference in reactivities of the two compounds was 
less than that of propenylbenzene and ethylphenylcarbinol* 
In other words, the results showed that the additional re­
activity gained by the para-methyl group tended to level 
out between the olefin and the alcohol*
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c* 1,2,3,4-tetrahydro-l-naphthyl hydroperoxide
Remembering the unusual reactivity of a-tetralol, the 
writer felt that the corresponding olefin might also pos­
sess an inherent tendency to react. This olefin was less 
reactive than the alcohol under a given set of conditions. 
With suitable modification the olefin reacted and gave a 
reasonable conversion. One feature noted here was a great- 
er-than-usual amount of polymerization. This made the sep­
aration of the hydroperoxide as such extremely difficult.
d. a,a-dimethylbenzyl hydroperoxide
Isopropenylbenzene (a-methylstyrene) was reacted with
hydrogen peroxide in acid solution to yield a,a-dimethyl- 
benzyl hydroperoxide. This olefin was less easily con­
verted to the hydroperoxide than would be expected from the 
fact that it is a tertiary olefin, in addition to being an 
activated phenylated olefin. Previously other workers had 
shown that reaction of this olefin with acid and hydrogen 
peroxide gave phenol and acetone, thus indicating that the
A3
hydroperoxide had been formed as an intermediate.
e. a-indanyl hydroperoxide
In this case the hydroperoxide was made by reaction 
of indene with hydrogen peroxide in sulfuric acid solu­
tion. Surprisingly little decomposition and polymerization
41
occurred when compared with either 1,2-dihydronaphthalene 
or with a-indanol* However, the conversion here did not 
approach that which was obtained in the case of a-tetralol 
or a-indanol* Only one hydroperoxide was obtained here as 
in the case of the naphthalene derivative*
f * l-»bepiylethyl hydroperoxide 
Some literature references showed that ordinary non- 
tertiary olefins did not react with acidic hydrogen per- 
oxide*^7 A large amount of unpublisned work by the writer 
on olefins such as l-hexene, 2-hexene, 3-octene showed 
that these olefins failed to add hydrogen peroxide to any 
practical extent under all conditions used*&9
As a result of the success with conjugated phenylated 
olefins and the lack of success with aliphatic olefins, 
the writer felt that an investigation of a non-conjugated 
phenylated olefin was in order* Accordingly, allylbenzene 
was chosen as a likely prospect* This olefin was not af­
fected by hydrogen peroxide and acid and gave no hydroper­
oxide under any of the conditions tried*
B. Purification of Hydroperoxides 
1* Distillation
a. Isolation of pure a-methylbenzyl hydroperoxide 
A convenient method for the purification of liquids in­
volves the distillation of a crude mixture* This has been
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utilized in the preparation of the pure hydroperoxide from 
methylphenylcarbinol.
In the first distillation attempts, concentrates up 
to 55^ in hydroperoxide content, recovered from the reac­
tion mixtures were subjected to distillation. These mix­
tures contained mainly hydroperoxide and carbinol, possibly 
with small amounts of degradation products such as aceto- 
phenone, and phenol. Results from single operations of 
this type usually consisted of a series of fractions rang­
ing in purity from one of only slight peroxidic activity 
to fractions of hydroperoxide content of order of 75^*
These results were not improved on after several attempts. 
Usually the heating required to fractionate such a crude 
mixture resulted in some thermal decomposition. At a bath 
temperature of 85“90® thermal decomposition was noticeable; 
at higher bath temperatures thermal decomposition became 
more prevalent and in some cases glass-shattering explo­
sions resulted.
This hydroperoxide was further increased in purity by 
combining fractions of 6^-75^ purity from several crude 
distillations and subjecting the new concentrate to frac­
tionation. Thus, a sample of hydroperoxide in almost 100% 
purity was finally obtained; necessarily it was small in 
amount since it was the result of combining center cuts 
from several crude distillations. It did, however, possess
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the properties of a sample prepared by a variation in tech-
84
nique and of literature preparations*
b. Distillation of benzyl hydroperoxide 
Attempts at distilling this hydroperoxide were not 
successful; that is, no sample of pure benzyl hydroperoxide 
was ever obtained* As in the case of the previously-dis­
cussed hydroperoxide, benzyl hydroperoxide was not distill- 
able in high purity from a crude mixture* Usually the 
initial benzyl crudes were of a lower purity due to less 
conversion, and in addition, contained more decomposition 
products than in the above case because more of the pro­
ducts of decomposition are higher molecular weight organic 
compounds; that is, benzyl alcohol tends to polymerize in 
acid solution* The crudes were always dark-in-color and 
viscous liquids*
In the case of the hydroperoxide from methylphenyl- 
carbinol, the writer found he had the ideal sample, among 
all studied, for purification by distillation* The hydro­
peroxide was secondary and hence in stability ranked fair­
ly high, both towards acid decomposition and towards therm­
al decomposition, the two processes being involved in the 
preparation and purification* In addition, the carbinol 
was one of the lowest-boiling alcohols used and hence the 
hydroperoxide was relatively low-boiling*
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If one considers benzyl alcohol and its hydroperoxide, 
it is found that the boiling points are almost as high as 
in the methylphenylcarbinol case, but that the stability 
probably is less since a primary hydroperoxide is involved# 
Although a recent report by an investigator seemed to in­
dicate that the relative stability of hydroperoxides might 
need some revision, it is felt that the overall pattern is 
still valid.Hence, it seemed to the writer that dis­
tillation might not be as successful in this example as 
would at first appear.
The initial concentrates were increased in purity only 
slightly by a distillation; this distillation was always 
accompanied by a loss of over-all activity# Thus, puri­
fication by distillation was limited by the thermal insta­
bility of the hydroperoxide and the boiling point relation­
ship# It might be well to mention at this point that there 
is probably some hydrogen bonding in a system like this 
which would further complicate matters.
When a distillation was performed under conditions 
which precluded thermal decomposition while obtaining re­
flux conditions, it was found that practically all frac­
tionating efficiency was lost# Thus, in one case, distill­
ation was carried out in a system in which the head temp­
erature for benzyl alcohol as tested separately was only
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35®* On a two foot column and with a bath temperature of 
65-70®, no fractionation was observed*
c* Distillation of miscellaneous hydroperoxides 
Usually it has been found that a relatively pure hy­
droperoxide, above 90^ in purity, could be purified by 
distillation much easier than one of lower purity; in this 
work a compound such as a-methylbenzyl hydroperoxide which 
was capable of distillation even from a low activity con­
centrate was better distilled if it was initially done from 
a higher putity concentrate*
Thus, when it was found that a-indanol gave a 930 
crude concentrate upon recovery from the reaction mixture 
it was felt that here was a good possibility for distilla­
tion of a relatively high purity crude which likely con­
tained a minimum in the variety of decomposition products. 
This concentrate was subjected to distillation with no im­
provement in purity of any fraction. At a pressure which 
;a llowed the hydroperoxide to distill without excessive 
decomposition, no fractionation was possible*
The result was true in general of the attempts to dis­
till the other hydroperoxides which constituted this study. 
Purities of the order of 900 which were obtained in several 
cases by other means could not be further increased to any 
extent by distillation*
4-6
2# Salt formation 
a* Hydroperoxides giving crystalline salts 
Hydroperoxides are very similar to alcohols in such 
properties as boiling points. One significant difference 
appears, however; they are more acidic than the correspond­
ing alcohols. With such bases as sodium hydroxide, calcium 
hydroxide or barium hydroxide they form crystalline salts, 
as a general rule. The ease of salt formation seems to 
vary with the hydroperoxide.
This difference in acidity has been of use in this 
study, especially in cases where the initial crude concen­
trate was low in purity or where a high boiling product 
was involved.
Thus, a-methylbenzyl hydroperoxide which was usually 
obtained as a crude of about ^0^ purity easily formed a 
crystalline sodium salt which was amenable to washing and 
filtration* Others which easily formed sodium salts were 
l,2,3*4-tetrahydro-l-naphthyl hydroperoxide and a-indanyl 
hydroperoxide. Some formed crystalline salts less readily.
b. Aqueous alkaline extraction as a means of increasing 
hydroperoxide purity 
In some cases, for example, benzyl hydroperoxide, no 
crystalline salt was ever observed. Ordinarily in a com­
mon sodium hydroxide extraction, an amount of 2^-400 base
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was added dropwise to a vigorously-stirred solution of the 
hydroperoxide in some common organic solvent. If the salt 
did not precipitate during this treatment the reaction 
mixture was refrigerated overnight during which period the 
sodium salt sometimes crystallized. This procedure was 
followed in cases where the sodium salt did not precipitate 
immediately upon the addition of the base, or when there 
was partial precipitation.
When an alkaline reaction mixture of benzyl hydroper­
oxide was refrigerated overnight, the hydroperoxide decom­
posed to give benzaldehyde. In a case like this, the hy­
droperoxide was extracted as a solute in the aqueous phase; 
the entire procedure of extraction and recovery of the hy­
droperoxide was done quickly, for example, in a two hour 
period. With this technique the amount of decomposition 
was always reduced and consequently the purity was increased 
more easily.
c. Effect of solvent on salt formation 
Different solvents were used in formation of sodium 
salts. Usually ether was found to be the best one although 
petroleum ether, 30-60®, was suitable, as was benzene in 
some cases.
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d. Composition of the crude concentrate and its effect 
on salt formation 
The composition of the crude affected the ease of in­
creasing the hydroperoxide purity via sodium salt extrac­
tion* In low purity concentrates which contained a large 
proportion of decomposition products, in addition to the 
starting material, sodium salt formation was usually diffi­
cult and the increase in purity for each alkaline precipi­
tation was small* For low purity concentrates resulting 
from low conversion, alkaline precipitation of salts was 
more practical. In addition, concentrates prepared from 
alcohols were better for alkaline precipitation than were 
concentrates prepared from corresponding olefins* Concen­
trates from primary alcohols generally were difficult to 
purify*
e* Fractional salt formation as a means of purifying 
hydroperoxides 
The question as to whether or not the almost-arbi- 
trary limit of 90^ activity on purification of hydroper­
oxides by salt formation is a question of technique or of 
a chemical phenomena was considered*
To clarify this, 1,2,3,4-tetrahydro-l-naphthyl hydro­
peroxide was studied in two ways* In one case a sample 
which contained 6?% hydroperoxide as recovered from the 
reaction mixture was treated with an equivalent amount of
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40% sodium hydroxide* The salt formed easily and quickly 
and was separated and treated in the usual way to give a 
solid which analyzed about 90% hydroperoxide* Repeated 
treatment of this 90% crude hydroperoxide under similar 
conditions did not noticeably improve the purity*
In the second experiment a sample of the 65% crude hy­
droperoxide was treated with 25% of the equivalent amount 
of base* This salt gave a crude mixture with about 90% hy­
droperoxide* The residue from this 25% salt precipitation 
was treated with another less-than-theoretical amount of 
base* The same result, a 90% crude hydroperoxide, was ob­
served*
The identity of the 10% non-active fraction of the 90% 
crude hydroperoxide was a matter of interest* At the sug­
gestion of an associate the following experiment was car­
ried out|^^ an artificial mixture which analyzed 90% for 
hydroperoxide was made by combining suitable amounts of 
pure hydroperoxide, a-tetralone and a-tetralol, the alcohol 
being the major impurity* It was felt that the main im­
purity in a 65% crude hydroperoxide recovered from a reac­
tion would be the alcohol since there was little chance of 
any ketone resulting by acid or thermal decomposition, but 
that there might be some a-tetralone formed during the 
salt precipitation* This mixture was treated in a manner 
similar to the 65% crude concentrate* From this, only a
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crude concentrate of about 93^ was obtained*
3* Recrystallization of hydroperoxides 
a* 1,2,3,4-tetrahydro-l-naphthyl hydroperoxide 
The fact that this hydroperoxide is a solid was used 
as the basis for its final purification after it was found 
that about 90$S purity was the practical limit which was 
attained by precipitating it as a sodium salt* It was 
easily yecrystallized and thereby Was obtained in almost 
100^ purity*
b* 1,1-diphenylmethyl hydroperoxide 
This hydroperoxide was easily raised to high purity 
by recrystallization* The crude concentrate used was 
about 80% hydroperoxide*
c* 1,2-diphenylethyl hydroperoxide 
No success was had in the purification of this hydro­
peroxide by recrystallization although the crude concen­
trate was 80^ hydroperoxide, as was the above case; the 
final was only 97% hydroperoxide.
C. Identification and Characterization of Hydroperoxides
1. Physical properties 
a. Refractive index and boiling point 
This combination of properties has been utilized in 
the preparation of pure a-methylbenzyl hydroperoxide* The
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values found for the product prepared in this work differ 
widely from those of the starting material or any of the 
possible decomposition products* They agreed with the 
values for the product prepared by oxidation of ethylben- 
zene as listed by several investigators*^^
This hydroperoxide was the only case in this work 
where these properties were utilized since a refractive 
index of an impure hydroperoxide means nothing; a similar 
statement can be made for the boiling point* Cases are 
found in the literature in which the hydroperoxide is ad­
mittedly crude, but at the same time, refractive indices
87and boiling points are given*
b* Melting point
This property has been used in the case of 1,2,3,4- 
tetrahydro-l-naphthyl hydroperoxide and 1,2-diphenylmethyl 
hydroperoxide* The values found agreed very closely with 
those quoted from the literature for products prepared by 
direct oxidation*®^
c* Spectra
An infrared spectra analysis was obtained on a sample 
of pure 1,2,3,4-tetrahydro-l-naphthyl hydroperoxide* This 
showed the band at 2*9-3*l usually attributed to a bonded 
hydroxyl group and a band at 11*8-12 which is characterist* 
ic of the hydroperoxide*®^
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2. Dégradaiive Methods 
a* Elemental analyses 
These are reported only for three samples as such, 
namely, a-methylbenzyl hydroperoxide, 1,1-diphenylmethyl 
hydroperoxide and 1,2,3,4-tetrahydro-l-naphthyl hydroper­
oxide* They are well within the usually accepted limits* 
Other hydroperoxides were not so analyzed because the 
analysis of a 90^ crude appeared to be useless* It may 
happen that a fortuitous combination of the hydroperoxide, 
the starting material, and decomposition products would 
give a satisfactory analysis in some cases* It can be cal­
culated that a 95% crude of benzyl hydroperoxide will give 
a satisfactory analysis, assuming the logical impurity to 
be benzyl alcohol. Hence, some of the crudes would un­
doubtedly have given analyses almost within the limits* 
There are instances in the literature where hydroperoxides 
of 90-980 purity gave good carbon and hydrogen analyses*^^
b* Decomposition of hydroperoxides
1) Acid catalyzed decomposition of hydroperoxides 
This method has been of use in this work as a means 
of qualitatively identifying the hydroperoxide component 
of a reaction mixture with the structure which was postu­
lated for it* Usually this was the most practical way of 
carrying out an investigation of a given hydroperoxide 
crude*
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The mechanism for acidic decomposition of a hydroper­
oxide which can explain the formation of phenol and ace­
tone, from curaene hydroperoxide has been used in this work 
to explain the products which were formed*^! Already, 
under the section on cinnamyl alcohol, the mechanism has 
outlined the mode of formation of the decomposition pro­
ducts, A general characteristic of this mechanism is that 
decomposition of a hydroperoxide which contains an adja­
cent phenyl group always give phenol as a product, a com­
pound which is readily identified. Thus the following 
scheme illustrates this process,
CaHgCHOOHR — Ü--- ^ C6H4QH + RCHO
This reaction will be modified in cases where the group R 
has a greater migratory aptitude than does the phenyl 
group,
2) Base catalyzed decomposition of hydroperoxides
This mode of decomposition has not been so well docu­
mented in the literature.^? A classic example is the 
preparation of a-tetralone from tetralin»^^ This type of 
decomposition was of use in this study for the qualitative 
identification of such hydroperoxides as benzyl, 1,2,3,4- 
tetrahydro-l-naphthyl, a-indanyl and substituted benzyl 
hydroperoxides. It is typified by the following schemes:
C6H5CHOOHCH3 — ^ C6H5COCH3 + H2O
CsHgCHgOOH ^ C6H5CHO + H2O
It haé been stated that this process depends on the avail­
ability of an aloha hydrogen which is acidic enough to be
67removed by hydroxyl anion or some other base*
Hydroperoxides varied widely in their reactivity to­
wards base according to the results of this investigation* 
Benzyl hydroperoxide gave benzaldehyde with base which was 
very dilute, even in the cold* This was also true for ring- 
substituted benzyl hydroperoxides* Others such as a-indanyl 
were more stable even in the presence of stronger base*
Some required warming to cause extensive decomposition*
The type of base affected the reactivity of the hydro­
peroxide* Sodium hydroxide was used and as stated above 
had a varied effect depending on the hydroperoxide. An 
organic base like piperidine was very useful; in fact, it 
decomposed hydroperoxides so well that the reaction was un­
controllable if done at room temperature, in some cases at­
taining a violence associated with an explosive acid cata­
lyzed decomposition* Whereas "cinnamyl" hydroperoxide was 
relatively stable towards sodium hydroxide, piperidine 
caused it to decompose explosively*
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3) Thermal decomposition of hydroperoxides
In the acid or base catalyzed decomposition, products 
often were found which could not be explained by action of 
acid or base* For example, in an acid catalyzed decompo­
sition of "cinnamyl” hydroperoxide evidence for phenyl- 
vinyl ketone was found* This could have been explained on 
the basis of the base catalyzed decomposition but not by 
the acid catalyzed decomposition* It can however be ex­
plained by a thermal decomposition as shown under the above 
discussion on cinnamyl alcohol and its reaction with hydro­
gen peroxide*
Products associated with thermal decomposition often 
showed up in distillation residues* In the distillation 
residues from a-methylbenzyl hydroperoxide, there was al­
ways present some acetophenone; the same was true for 
benzyl alcohol, that is, some benzaldehyde was always 
found* These products undoubtedly arose as a result of 
overheating during the distillations* This occurrence was 
most prevalent in the cases of the very high boiling hydro­
peroxides*
Co Determination of purity of hydroperoxides
1) Chromatography
This unusually sensitive technique has been applied 
in this work in two ways.^2 It was possible to detect the 
presence of residual free hydrogen peroxide which would
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have influenced the quantitative determination of activity 
of an organic hydroperoxide* With any of the hydroper­
oxides prepared, the differences in properties were so 
great that hydrogen peroxide always remained at the top of 
a column while the organic hydroperoxide zone was well down 
the column*
In addition to indicating the presence or absence of 
free hydrogen peroxide, this technique showed whether or 
not the organic hydroperoxide fraction consisted of one 
hydroperoxide or of a mixture of compounds» Thus, in the 
case of “cinnamyl” hydroperoxide, it was shown that all of 
the free hydrogen peroxide had been removed in the experi­
mental procedure after reaction and that the organic hy­
droperoxide concentrate really consisted of three products. 
These three products were mentioned above in the discussion 
of cinnamyl alcohol; there was such a good separation of 
the three zones that there was little doubt of their exist­
ence* Chromatography thus made possible the clarification 
of a problem that otherwise would not have been accomp­
lished on the hydroperoxide mixture as such, at least to 
the extent of this work*
One of the questions concerning this problem was the 
position of equilibrium* By the use of chromatographic 
adsorption and elution, it was possible to determine that 
there was about a 67-33 mixture, the larger figure refer­
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ring to the cinnamyl isomer. In comparison with the two 
main products the polyfunctional compound was present only 
in small amount, of the order of 1%.
The second major application of chromatography was in 
the separation of the 2,4-dinitrophenylhydrazones of the 
possible carbonyl degradation products of a hydroperoxide 
or a mixture of hydroperoxides. It was used in the case of 
cinnamyl alcohol reaction mixture to demonstrate the pre­
sence of formaldehyde, acrolein, cinnamaldéhyde, phenyl- 
vinyl ketone and phenylacetaldehyde. The presence of acro­
lein as demonstrated by this technique proved conclusively 
that an equilibrium was set up in the reaction of cinnamyl 
alcohol with acidic hydrogen peroxide. This compound in 
combination with the isolation of phenol as a tribromo de­
rivative accounted for the degradation of the a-phenylallyl 
isomer.
A minor use of chromatography was in the comparison 
of a series of hydroperoxides. Thus, when the methylbenzyl 
hydroperoxides were separately chromatographed, in addition 
to demonstrating the absence of hydrogen peroxide and the 
homogeneity of the organic hydroperoxide, it was shown that 
the three organic hydroperoxides fell in a given order on 
the column and indicated they probably could have been 
identified in a mixture.
58
2) lodometric titration
For the determination of purity of the hydroperoxide 
there were available several methods or modifications 
thereof* lodometric titration was chosen as a suitable 
procedure at the start of the investigation and proved 
satisfactory throughout the studies*^^ It consisted es­
sentially of the titration of liberated iodine with sodium 
thiosulfate under such conditions that only hydroperoxides 
were reduced.
V* Experimental
A. General Information 
1* Apparatus and conditions
The equipment required for this work was very simple, 
consisting only of a flask, mercury-sealed stirrer and 
bath* Reactions were run at 0-25* (or room temperature) 
hence an ice-water bath was the only type necessary*
The stirring was always important since all reactions 
for preparative purposes were run in a non-homogeneous two- 
phase reaction* Stirrers of the Hershberg or paddle type 
were not the most efficient for this work* A special egg- 
beater type stirrer was used* Adjusting this stirrer so 
that it operated just below the phase-dividing line made 
possible vigorous and efficient mixing* The stirrers were 
always sealed since the organic solvent used in most cases 
was benzene which tended to evaporate over the long period
^9
of reaction time which averaged in the neighborhood of 20 
hours for most compounds*
Early in the work the need for a constant phase turn­
over was evident* In addition to efficient stirring, a 
special type of flask was desired* The readily-available 
Morton indented flask was chosen and proved very satisfac­
tory*^^ This, in combination with an egg-beater type stir­
rer adjusted to the correct level, gave a tremendous mixing 
and stirring effect*
2* Miscellaneous materials
Hydrogen peroxide used was either Superoxol, 30^ hy­
drogen peroxide, C*P. Merck; or duPont Albone ^0 which is 
50% hydrogen peroxide* Early in the work Superoxol was 
used but as the investigation progressed Albone 50 was 
used exclusively* The acid used was reagent grade sulfur­
ic acid or hydrochloric acide, usually Baker's* Benzene, 
used as the organic solvent, was ordinary technical ben­
zene which was redistilled* No attempt was made to keep 
it anhydrous since it was used in contact with aqueous 
solutions*
In the chromatographic work, Skellysolve B, freed of 
peroxides by passing over silica gel, dried and distilled, 
was used. Ethyl acetate or ether used as solvents, also, 
were analytical reagents* The ether was further dried by
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distilling from concentrated sulfuric acid* The ethyl 
acetate was washed with sodium carbonate, dried over cal­
cium chloride and distilled* Benzene used in chromato­
graphy was analytical reagent dried by distilling from 
sodium to remove as much water as possible* Chloroform 
was analytical reagent, freed of traces of alcohol by shak­
ing with concentrated sulfuric acid and with water, drying 
over calcium chloride and distilling.
As an adsorbent for chromatography, Mallinckrodt Sil­
icic Acid (Ramsay and Patterson) was used*
In the analyses, reagent grade acetic acid was used* 
Potassium iodide and sodium bicarbonate were analytical 
reagents.
3* Preparation of olefins
Propenylbenzene, b.p. 178*30®, 4-methylpropenylben- 
zene, allylbenzene, 158*7®, indene, 182*4® and a-methyl- 
styrene 164-66® were furnished through courtesy of Dr*
K. W, Greenlee, API Research Project 45 (OSU Research 
Foundation Project 3D*
The other olefin used in this study was 1,2-dihydro- 
naphthalene* This was prepared by dehydration of a-tetra- 
lol over potassium acid sulfate at 110-120®. A fraction 
boiling 69-72® (1 mm*), n ^  1*5274, was recovered for use*
61
4* Preparation of alcohols
a* benzyl alcohol 
Merck reagent grade benzyl alcohol was redistilled; 
the fraction boiling at 203-206®, n ^  1*5397» was recov­
ered for use*
b. o-methylbenzyl alcohol
This alcohol was obtained through the courtesy of Dr* 
K* W* Greenlee* It was redistilled and the fraction boil­
ing 117-118® (20 ram*), n ^  1*5409, was retained for use*
c. m-methylbenzyl alcohol
This alcohol was purchased from Matheson Co*, Inc* and 
redistilled, the fraction boiling 109-111®/16 mm*,
1*5373» being obtained for use*
d* p-methylbenzyl alcohol 
For this alcohol, £-methylbenzaldehyde, boiling 8^-90® 
(5 mm*), purchased from Fritzsche Bros*, was reduced with 
lithium aluminum hydride, by the normal technique* This 
procedure involved addition of a dilute solution of the 
aldehyde in anhydrous ether to a solution or suspension of 
the hydride in anhydrous ether* The reaction was main­
tained at reflux temperature by controlling the rate of 
addition of the aldehyde* After the aldehyde was added the 
mixture was refluxed for one hour* At this time excess
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water was added dropwise with stirring and cooling to hy­
drolyze the excess hydride. Then the mixture was poured 
over ice and water and an excess of dilute hydrochloric 
acid (4N) was added. The two layers were separated; the 
aqueous layer was extracted with several portions of ether. 
The combined ether layer and extracts was washed with sat­
urated sodium bicarbonate and with saturated sodium chlo­
ride solution, followed by percolation over sodium sulfate 
and distillation. The fraction boiling 116-118® (19 mm,), 
n^D 1*5349, 97^ yield, was collected for use,
e, methylphenylcarbinol
This alcohol was purchased from Eastman and used as 
received. The refractive index was n p 1,5275*
f, 4,a-dimethylbenzyl alcohol
This alcohol was obtained by the reduction of p-methyl- 
acetophenone, purchased from Eastman, with lithium aluminum 
hydride. The fraction boiling 70-71* (1 mm.), n ^  1*5213, 
95% yield, was recovered for use.
g, 2,5»cc-trimethylbenzyl alcohol
This alcohol, boiling 92.5-93.5° (3 mm.), n ^  1.5268, 
87% yield, was obtained by the reduction of 2,5-dimethyl- 
acetophenone, purchased from Eastman.
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h. p-methoxybenzyl alcohol
This alcohol was an Eastman product, purchased and 
used as received; n^ l*54-53*
i* a-methyl-p-methoxybenzyl alcohol
This alcohol was prepared by the reduction of Eastman 
p-methoxyacetophenone.
j, a-ethylbenzyl alcohol
Reduction of propiophenone, Eastman, with lithium 
aluminum hydride gave this alcohol* Distillation at 1 ram* 
gave a fraction boiling 66-68®, n ^  1*5202, in 90% yield*
k* a-propylbenzyl alcohol
From butyrophenone, an Eastman product, and lithium 
aluminum hydride this alcohol was obtained boiling 88*5- 
90® (3 mm*), n ^  1*5142, in 90^ yield*
1* 4-methyl-a-ethylbenzyl alcohol
This alcohol was prepared from p-methylbenzaldehyde, 
Fritzsche Bros*, Inc*, and ethyl magnesium bromide* Yield 
of product boiling 106-108° (3 mm*), n^O 1*5217, was 75^»
m* a-tetralol
This alcohol was produced by the reduction of a-tetra* 
lone, boiling 120-122° (9 mm*), n ^  1*5706, prepared by 
cyclization of ^-phenylbutyric acid, in 90% yield using
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lithium aluminum hydride* It boiled 89=90° (1 mm*), 
1*5645, 90% yield from ketone*
n* benzhydrol
This was an Eastman product, used as received, m*p* 
67- 680*
o. 1,2-diphenylethanol
This was also an Eastman product, used as received, 
m*p* 66-67°*
p* a-naphthylmethylcarbinol
This alcohol was prepared by the reaction of méthyl­
magnésium bromide with 1-naphthaldehyde, an Eastman pro­
duct* The aldehyde was distilled and the fraction boiling 
158-1600 (14 mm*), n^Q 1*6545, was used* The alcohol, ob­
tained in 87% yield, boiled 149-152 (2 mm.).
q. p-naphthylmethylcarbinol
Reduction of 2-acetonaphthalene, an Eastman product, 
with lithium aluminum hydride gave an 85% yield of this 
alcohol, a white solid melting 6O-6I0.
r. cinnamyl alcohol
This alcohol was purchased from Eastman and used as 
received, m.p* 32.5-33°*
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s. a-phenylallyl alcohol
This alcohol was obtained through the courtesy of Dr. 
K. W. Greenlee who had prepared it from bromobenzene Grig­
nard reagent and acrolein. It boiled 104-107® (14 mm.), 
n^D 1.5429.
t* methylstyrylcarbinol 
Benzalacetone, an Eastman product, was reduced with 
lithium aluminum hydride to give this alcohol, a white 
solid melting 30“31*5®, boiling 129-131® (11 ram.), in 85/% 
yield.
u. a-indanol
This alcohol was prepared by reduction of the corres­
ponding ketone, an Eastman product, with lithium aluminum 
hydride. It was obtained in 90^ yield.
V. m-methoxybenzyl alcohol 
This alcohol was prepared by the reduction of m-meth- 
oxybenzaldehyde with lithium aluminum hydride in 90^ yield. 
It boiled 105-106® (2 nun.), n^§ 1.5437.
B. Preparation of Hydroperoxides from Alcohols
1. General procedures
This reaction was carried out by stirring a mixture of 
the alcohol with acidic hydrogen peroxide. In some of the 
first runs, the alcohol was added directly to the aqueous
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solution* It soon became evident that the mixture, even 
with traces of acid, decomposed during the reaction per­
iod* Decomposition was probably due to action of both 
reagents*
In a modified reaction, alkane sulfonic acid was used 
as an acidic medium* It was felt that this would provide 
a homogeneous medium and hence allow the reaction time to 
be cut* Addition of organic alcohols to mixtures of hydro­
gen peroxide and alkane sulfonic acids resulted in violent, 
sometimes destructively explosive, reactions attended with 
extreme decomposition* Evidently the hydroperoxide was 
forming and decomposing violently* This reaction was not 
successfully carried out, even at low temperature and 
short reaction time*
As another extreme, a non-homogeneous system was in­
vestigated* It was felt that with vigorous stirring the 
hydroperoxide would be extracted by an organic solvent 
after the alcohol had reacted* This procedure would help 
prevent decomposition of the alcohol and, more importantly, 
of the hydroperoxide as it formed, since contact would be 
only momentary*
After considerable investigation benzene was chosen 
as a suitable solvent because of its boiling point and non­
reactivity* It has the one disadvantage that it freezes 
in the neighborhood of the temperature at which the reac-
67
tions were run* However» this usually gave little diffi­
culty since a mixture of the alcohol with the benzene did 
not freeze to any large extent* Other solvents such as 
toluene were also used, but they were more difficult to re­
move from the reaction crude before distillation and hence 
were less practical* In a few cases cyclopentane, alone 
or in combination with another solvent, was used*
The course of the reaction was followed by observing 
any temperature increase, the appearance of color or of 
odor and by withdrawing aliquots of the organic phase for 
analysis of hydrogen peroxide and of organic hydroperoxide* 
In cases when the alcohol being used was difficult to pre­
pare or purchase, the analysis was made on the aqueous 
phase* This procedure was less desirable since the loss 
of hydrogen peroxide in the aqueous phase was a combina­
tion of the hydrogen peroxide which had reacted and that 
which had dissolved in the organic phase* The solubility 
of hydrogen peroxide in the organic phase in these experi­
ments was small but definitely measurable*
The decomposition products of the reaction were usual­
ly limited to slight amounts of tar and color after the 
ideal reaction conditions were found* With few exceptions, 
the crude concentrate upon recovery had some color* The 
cinnamyl concentrate was usually colorless as was the 
methylphenylcarbinol concentrate while benzyl alcohol, the
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tolylcarbinols and the methoxy derivatives gave concen­
trates which were much more colored. Normally if much de­
composition had occurred it was also detectable by sour 
odors from the crude reaction mixture.
The reaction period varied from 7-48 hours depending 
on the alcohol. At the end of this time the organic layer 
was salted out and recovered in the usual way.
2. Some typical experiments
a. benzyl hydroperoxide 
A total of sixteen runs were made on benzyl alcohol. 
Finally it was found that a solution of 45% hydrogen per­
oxide in 10% acid would give only slight decomposition, but 
at the same time very little conversion. A compromise was 
chosen as 21% acid and 37% hydrogen peroxide. This gave 
some decomposition but reasonable conversion.
A 10-g® portion of benzyl alcohol was dissolved in 
50 ml. of benzene and added slowly to a 50-g. portion of 
aqueous solution which analyzed 21% acid and 37% hydrogen 
peroxide, in a 3-necked flask equipped with a mercury- 
sealed stirrer. This addition was dropwise, with vigorous 
stirring and with attendant cooling to 0-5® in an ice-water 
bath. This mixture was then allowed to stir for 48 hours, 
the temperature meanwhile being allowed to rise to that of 
the room. At this time there was slight color in the reac­
tion mixture. The solution was then diluted with saturated
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ammonium sulfate, and stirred for 30 minutes. Then, the 
upper organic layer was separated and combined with benzene 
extracts of the aqueous layer. This combined benzene ex­
tract and layer was washed repeatedly with dilute sodium 
bicarbonate and with water and then dried by percolating 
through sodium sulfate. This almost-clear solution was 
then concentrated on a warm water bath at reduced pressure 
to give a concentrate of 17*6%. This concentrate was 
shown to be free of hydrogen peroxide by chromatography on 
a silicic acid column when developed with ethyl acetate in 
Skellysolve B and streaked with potassium iodide in acetic 
acid solution after extrusion. In Table II is given a sum­
mary of the work on benzyl alcohol.
b. 0-, m-, and p-methylbenzyl hydroperoxides 
The tolylcarbinols were treated with hydrogen peroxide 
in acid solution under the same general conditions as de­
scribed for benzyl alcohol. In general they were reactive 
and were not stable under the conditions. Minimum decom­
position was only obtained at the expense of high conver­
sion. The work on these alcohols is summarized in Table 
III.
TABLE II
Reaction of Benzyl Alcohol
Run^ Al.cohol Cone. Cone. Reaction Amount
No. Wt. g. HgOg-% HzSO*-# Time-Hrs. Decomposition
1 25 30 55 —  — —  —
2 10 30 42 4 moderate
3 10 30 42 20 moderate
4 25 30 42 20 moderate
5 40 30 40 10 moderate
6 40 30 40 20 little
7 40 30 40 96 complete
8 40 30 14 20 moderate
9 40 30 30 20 extensive
9-1 —  — 30 30 48 complete
10 40 30 40 20 slight
11 40 30 40 9 slight
12^ 25 37 21 21 slight
13d 100 37 21 48 moderate
13-1 10 37 21 48 moderate
14 e 37 29 20 extensive
15 25 45 10 20 slight
16 50 45 10 20 slight
Concentrate Temp.
% ROOM Wt. g. OÇ.C
Explo. «... — —
2 9 0-5
22 8.3 0-25
12b 16 0-5
4a — •** 0-5
30 27 0-5
— — 0-5
trace — — 0-5
3® — — 0-5
c-25
**6 30 0-25
8!
5^ — — 0-25
18 0-25
17 0-25
18 2 3g 0-25
2 20 0-25
2 42 0-25
a* Not concentrated.
b. Residue from attempted distillation of crude.
c. Range of temperature during reaction period.
d. Toluene used as organic diluent.
e. Organic residue from sodium hydroxide extraction of run 13 used as
the source of alcohol.
f. All runs except 13 contained 50 ml. of benzene per 10 g. alcohol.
g. 80% purity by sodium hydroxide extraction.
o
TABLE III
Reaction of o-, m-, and p-Methylbenzyl Alcohols
Alcohol
Name
a,b
Wt. g.
Conc.^
H2O2-#
Conc.b
HgSO*-#
Reaction
Time-hr. Decomposition^
Concentrate^
% ROOH Wt. g,
0-methyl 2 30 7 24 yes trace
. .
5 30 30 22 yes 12.6 4
10 45 10 21 no 3.0 7.5
2 30 30 10 moderate 2.4
m-methyl 5 30 30 22 yes 15.6 4
10 45 10 21 no 4.5 8
2 30 30 10 moderate 6.0
p-methyl 10 30 30 22 yes 17.5 7.5
10 45 10 21 no 10.0 8
2 30 30 10 moderate 6*8
a. All runs were made with 50 ml. of benzene as organic diluent. An alcohol
to aqueous phase ratio of 1:5 was used in all cases. The temperature 
range of all runs was 0-5° to 25° at end of reaction period.
b. All ratios and concentrations are on a weight basis.
c. Decomposition is indicated as degree, a qualitative observation.
d. This refers to the purity of the concentrate obtained by concentration at
reduced pressure of the original organic layer recovered from the reaction.
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c. a-methylbenzyl hydroperoxide
In the Table IV is given a summary of the experiment­
al work done with the preparation of this hydroperoxide 
from methylphenylcarbinol* In run number two, there was 
no dilution of the alcohol with a solvent; a violet explo­
sion occurred while mixing was in progress. It should be 
noted that this reaction led to little decomposition ex­
cept in the case of the run which was lost. All runs were 
made with the usual temperature control.
d. 1,2,3,4-tetrahydro-l-naphthyl hydroperoxide
A 10-g. portion of a-tetralol diluted with 50 ml. of 
benzene was added slowly with stirring to 50 g. of aqueous 
mixture of 30% hydrogen peroxide and 15% acid held at 0-5°. 
After one hour of reaction, decomposition began to occur 
as evidenced by small brown droplets on the surface of the 
flask; an aliquot of the organic layer was removed, freed 
from hydrogen peroxide by washing, and analyzed. The con­
tent of organic hydroperoxide was about 5% or about 25% of 
the theoretical possible. At seven hours evidence for de­
composition was readily apparent and the organic layer ti­
trated 16.6%, or 82% conversion, so the reaction was 
stopped and the hydroperoxide recovered in the usual man­
ner to give a crude concentrate of 84% hydroperoxide. It 
was observed that this crude had a limited solubility in 
30-60° petroleum ether. The concentrate was extracted
TABLE IV
Reaction of Methylphenylcarbinol
Run^
No.
Alcohol^ 
Wt*. g.
Cone.
N2O2-0
Cone.
HgSO*-# Decomposition
Concentrate 
% ROOH Wt. g.
1 20 30 8 drops none trace —
2 20 29 42 Explosion --
3 20 29 42 moderate -- —
4 20 29 14 slight 54 18
5 139 29 14 slight 52 112:
6 20 29 14 slight 16
7 100 29 14 slight 57 80
8 20 29 7 none 26 16
9 20 7 7 none trace 15
10 20 45 10 slight 18 16
a. All runs except No* 2 contained 50 ml. benzene per 20 grams of alcohol.
All runs were continued for 20 hrs. except No. 2 and No. 10 (21 hrs.).
Temperature range was the same for all runs, 0-5° to 25° at end of
reaction period.
b. An alcohol to aqueous phase ratio of 1:5 was used in all cases.
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with a portion of this ether; the ether extract was then 
concentrated to give a concentrate of 82% hydroperoxide* 
Thus there was little difference in solubility of the hy­
droperoxide and the alcohol. In Table V is given a sum­
mary of the work on the reaction of a-tetralol*
e* o-indanyl hydroperoxide
A portion of a-indanol was reacted with a 25 g* 
portion of an aqueous mixture containing 30% hydrogen per­
oxide and 15% sulfuric acid at 0-5*. This mixture was 
stirred for 6 hours at which time an analysis of the crude 
indicated a conversion of about 85%. No evidence of de­
composition was observed. The solution was then diluted 
with saturated sodium chloride; the benzene layer was sep­
arated, washed repeatedly with sodium bicarbonate and with 
water, and then dried over sodium sulfate* Concentration 
on a warm water bath then gave a crude which analyzed 9J% 
for hydroperoxide* A summary of the runs on this alcohol 
are given in Table VI,
f* 1,1-diphenylmethyl hydroperoxide 
To 10 g, of aqueous solution which analyzed 30% hy­
drogen peroxide and 15% acid cooled to 0-5° was added, 
with stirring, 2 g* of benzhydrol dissolved in 50 ml* of 
benzene. The mixture was stirred for 20 hours as the temp­
erature came to 25°. There was little evidence of decomp-
TABLE V
Reaction of a-Tetralol
Run*
No*
Alcohol^ 
Wt* g*
Cone.
H2O2
Cone.
H2SO4-# Decomposition
Concentrate 
% ROOH Wt. g*
1 10 30 15 slight 84 7
2 10 30 15 slight 80 6.5
3 10 30 15 slight 80 8.5
4 10 30 15 slight 82 8.5
5 10 30 15 slight 67 8
a. An alcohol to aqueous phase ratio of 1:5 was used in all runs* 
b* The temperature range was 0-5° to 25° for all runs* All runs 
contained 50 ml* benzene as organic diluent* Reaction time 
was 7 hrs* for all runs*
TABLE VI
Reaction of a-Indanol
Run^
No.
Alcohol^ 
Wt. g.
Cone.
HaOg-^
Cone.
HgSO*-#
Reaction 
Time-hrs. Decomposition
Concentrate 
% ROOH Wt. g.
1 5 30 15 6 slight 93 4.3
2 5 30 15 6 slight 92 4,2
3 5 30 15 3 none 40 4.2
4 5 30 15 1 none 10 4.3
a. An alcohol to aqueous phase ratio of 1:5 was used in all
cases.
b. Temperature in all runs was 0-5° to 25®» at end of reaction.
All runs contained 50 ml. benzene as organic diluent.
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osition* The organic layer was isolated in the usual man­
ner, washed, dried, and concentrated to give 1.8 g. of a 
white solid which analyzed 80^ hydroperoxide. A summary 
is given in Table VII.
g. p-methoxy-a-methylbenzyl hydroperoxide
To 50 g. of aqueous solution containing 30^ hydrogen 
peroxide and 30^ acid at 0-5® was added 10 g. of £-methoxy- 
a-methylbenzyl alcohol in 50 ml. benzene. There was evi­
dence of decomposition immediately. The mixture was at 
once diluted with 10 ml. water and 10 ml. benzene. At the 
end of 7 hours, decomposition was complete, only tarry pro­
ducts remaining.
In a second attempt the acid concentration was cut to 
7^. This still gave decomposition in a short time so a 
third run was made in which 15^ hydrogen peroxide was used. 
There was little evidence for decomposition at first but 
as time passed color appeared and after seven hours the 
reaction was halted. From this reaction mixture in the 
usual way was isolated by concentration a 40% crude hydro­
peroxide. A summary of the work on this alcohol is shown 
in Table VIII.
h. cinnamyl and a-phenylallyl hydroperoxides
Cinnamyl alcohol was characterized by easy conversion
to a mixture of hydroperoxides with little attendant de-
TABLE VII
Reaction of Benzhydrol
Run® Alcohol^ Cone* Cone. Reaction Concentrate
No* Wt* g* HgSO^.-^ _ Time-hrs* Decomposition % ROOH Wt* §,
1 2  30 15 20 slight 80 1*8
2 2 30 7 20 slight 10 1.7
3 2 30 7 40 slight 12 1*7
a* An alcohol to aqueous phase ratio of 1:5 was used in all runs*
b* A temperature range of 0-5° to 25° was used for all runs*
All runs contained 50 ml* of benzene as organic diluent*
-c
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TABLE VIII
Reaction of p-Methoxy-a-Methylbenzyl Alcohol
Run®
No.
Alcohol^ 
Wt. g.
Cone. 
H2O2—0
Cone.
H2SO4.-#
Reaction
Time-hrs. Decomposition
Concentrate 
^ ROOH Wt. G.
1 10 30(75) 30(25) 7 moderate —
2 5 30 7 7 moderate 6 —
3 5 15 7 6 moderate 40 3
4 5 15 7 1 slight trace 4
5 5 7 7 1 slight trace 4
6 5 15 7 4 moderate 18 . 4
a« An alcohol to aqueous phase ratio of 1:5 was used in all cases.
b. All runs were made at a temperature range of 0-5® to 25® at end 
of reaction. All runs contained 50 ml. of benzene as organic 
diluent.
-c
VO
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composition. A summary of th e work on this alcohol is 
shown in Table IX.
i. miscellaneous alcohols 
In Tables IX-A and IX-AA are summarized the results on 
alcohols which are not discussed in detail.
C, Preparation of Hydroperoxides from Olefins
1. General procedures
Essentially the same technique was used in this por­
tion of this investigation as was used for the reaction of 
alcohols, that is, the olefin diluted with benzene was 
stirred with an acid solution of hydrogen peroxide. In­
vestigation showed that undiluted olefins gave excessive 
decomposition probably as a result of decomposition of the 
hydroperoxides formed, since the olefins themselves were 
not affected by the acid in the concentration used, in the 
absence of hydrogen peroxide.
2. Some typical experiments
a. a-ethylbenzyl hydroperoxide 
A 10-g. portion of propenylbenzene diluted with 50 ml. 
of benzene was slowly added dropwise with stirring to 50 g. 
of an aqueous mixture analyzing 30% hydrogen peroxide and 
30% acid cooled to 0-5®. This mixture was then stirred for 
12 hours, the temperature meanwhile being allowed to come
TABLE IX
Reaction of Cinnamyl Alcohol
Alcohol Cone, Cone. Reaction Concentrate
Runf Wt. g, HgOz-# HgSO*-# Time-hrs. % ROOH Wt. g.
1 2 30 7 48 55 1.6
2 75 30 7 63 58 55.0
3 3 30 15 43 50 2.3
4 20 30 7 33 40 16.0
5 5 30 30 31 b
6 60 30 7 32 43 45
7 50 30 15 43 43 41
a. The alcohol to aqueous phase ratio was 1:5.
b. Extensive decomposition occurred in this run. All runs
were made at a temperature range of 0-5® to 25® at end 
of reaction.
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TABLE IX-A
Reaction of Miscellaneous Alcohols
Jjsjae!
Styrylmethylcarbinol
l,a-naphthylmethyl-
carbinol
1, P -na pht hy Im et hy 1- 
carbinol*
1,2-diphenylethanol
m-methoxybenzyl
alcohol
£-methoxybenzyl
alcohol
Cone. Cone. Time Concentrate
HoOo -% H s S O ^ hrs. % ROOH V/t. a • Decomoosition
30 15 42 13 6 Little '
30 30 39 Moderate
30 30 10 48 8 Little
30 15 18 50 5 Moderate
30 7 29 36 5.5 Moderate
30 1^ 17 34 6 Moderate
30 7 24 7.2 6 Little
30 40 47 80 8 Little
30 15 47 7 7 Trace
30 15 23 4 5 Little
30 15 15 3 5 Little
30 30 7 3 4 Moderate
30 40 — — — «• Complete
30 15 24 —— Complete
30 7 22 41 — -* Considerable
15 7 22 13 6 Little
30 15 7 15 Considerable
All runs were made on 10 g. of alcohol, 50 g. aqueous solution and 
50 ml. benzene. Temperature was allowed to rise from 0-5° to 25°.
00
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TABLE IX-AA
Reaction of Miscellaneous Alcohols
2,5,a-trimethylbenzyl
a-isopropylbenzyl
a-propylbenzyl
a-ethylbenzyl 
^-methyl-a-ethylbenzyl 
4-a-dimethylbenzyl
-one. Cone. Time Concentrate
.62-% HzSOi-# hrs. % ROOH Wt. g. Decomposition
30 15 19 47 8 Little
30 15 10 30 6 Little
30 40 19 35 5.5 Considerable
30 30 23 35 Considerable
30 30 10 45 7 Moderate
30 15 23 30 7 Moderate
30 15 41 14 6 Little
30 30 14 68 8 Little
30 15 14 16 7 Trace
30 30 18 60 8 Slight
30 15 36 30 7 Little
30 30 19 87 7 Moderate
30 15 18 31 6 Little
30 15 10 63 7 Little
30 7 22 74 8 Moderate
All runs were made on 10 g, of alcohol, 50 g* aqueous solution and 
50 mlo benzene. Temperature was allowed to rise from 0-5° to 25°.
84
to that of the room, about 25®* At this time there was 
some color, evidence of decomposition* The mixture was 
then diluted with an equal volume of saturated ammonium 
sulfate and stirred for 30 minutes* The organic phase was 
then separated and combined with a 50*ml* benzene extract 
of the aqueous residue*
The combined organic phase and extract was then washed 
four times with equal portions of saturated sodium bicarbo­
nate and with water* The organic solution was then dried 
by shaking with saturated sodium chloride and percolation 
over sodium sulfate* Upon concentration, there was ob­
tained a concentrate, slightly colored, which analyzed 28% 
for hydroperoxide and which was shown to consist of only 
one hydroperoxide by chromatography* In Table X are shown 
the results of the study of this olefin*
b* a-ethyl-p-methylbenzyl hydroperoxide 
To a 50-g* aqueous phase containing 30% hydrogen per­
oxide and 30% sulfuric acid maintained at 0-5® was added 
dropwise with vigorous stirring a 10-g* portion of a,4-di- 
methylstyrene dissolved in 50 ml* of benzene* This mix­
ture was then stirred for 24 hours while the temperature 
meanwhile came to 25®* At this time there were signs of 
decomposition, namely dark color and drops of tarry or 
polymeric material* Addition of an equal portion of satu­
rated sodium chloride caused the organic layer to separate
TABLE X
Reaction of Propenylbenzene
Run®
Olefin 
Wt. g_.
Cone* 
Ha02"%
Cone.
H2S04.-%
Reaction
Time-hrs. Decomposition
Concentrate 
% ROOH Wt. g.
1 10 30 20 12 slight 28 6
2 10 30 30 24 moderate 18 5.5
3 5 30 15 24 slight 8 3.5
4 5 30 20 12 slight 8 3
a. All runs were made with an olefin to aqueous phase ratio of 
1:5* Temperature on all runs was allowed to rise from 
0-5° to 25° during the reaction period. All runs contained 
50 ml. benzene as diluent.
CO
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fairly well* The layer was separated and combined with 
two 50 ml.-benzene extracts of the aqueous residue. The 
combined organic layer and benzene extracts was dark brown 
in color, but upon washing with three 50 ml.-portions of 
saturated sodium bicarbonate, became almost colorless.
There was an attendant transient pink color in the aqueous 
wash, an occurrence which was noticed many times, especial­
ly in cases where some decomposition of the organic phase 
had occurred. This almost-colorless organic layer was 
then washed with saturated sodium chloride and further 
dried by percolation over granular sodium sulfate. Con­
centration of this dry organic layer gave a slightly colored 
residue; titration showed about 15^ hydroperoxide.
A common occurrence which is illustrated here was for 
the final concentrate purified of hydrogen peroxide by the 
usual procedure to titrate much less hydroperoxide than a 
sample of the unpurified concentrate. This fact can be 
attributed to the increased solubility of hydrogen peroxide 
in solutions which may contain acid sulfate; the acid sul­
fate probably acts as a solubilizing agent. In Table XI 
are shown the results of work on this hydroperoxide.
c. a,a-dimethylbenzyl hydroperoxide
A 10-g. portion of a-methylstyrene diluted with 50 ml. 
of benzene was added slowly with stirring to 50 g. of 
aqueous solution, kept at 0-5°, which contained 30^ hydro-
TABLE XI
Reaction of a,4-Dimethylstyrene
Run®
Alcohol 
Wt. g.
Conco 
Ha02-%
Cone.
HaS04-%
Reaction
Time-hrs. Decomposition
Concentrate 
% ROOH Wt. g.
1 10 30 30 24 much 15 6
2 10 30 30 12 slight 18 7.5
3 10 30 15 24 slight trace 8.5
4 10 30 20 24 moderate 5 8
All runs were made with an olefin to aqueous ratio of 1:5* 
Temperature was allowed to rise from 0-5® to 25® in all runs* 
All runs contained 50 ml. of benzene as organic diluent.
CO-Q
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gen peroxide and 15% sulfuric acid* This addition was ac­
complished with little evidence for reaction although it 
has been found generally that tertiary olefins are much 
more reactive under such conditions than are primary or 
secondary olefins. At 18 hours the temperature was about 
25® and there was little evidence for decomposition. The 
mixture was further stirred at room temperature for 6 hours. 
At the end of this period the organic phase was salted out 
with saturated ammonium sulfate, washed thoroughly with 
several portions of saturated sodium bicarbonate, and with 
saturated sodium chloride and dried by percolation over so­
dium sulfate. The procedure gave a completely colorless 
solution which upon concentration at reduced pressure on a 
warm water bath gave a concentrate containing 8% hydroper­
oxide. In Table XII are shown the results of investigation 
of a-methylstyrene.
d. 1-benzylethyl hydroperoxide
A 5-g* portion of allylbenzene diluted with 50 ml. of 
benzene was added slowly with stirring to 50 g. of aqueous 
phase at 0-5° containing 40% sulfuric acid and 15% hydro­
gen peroxide. Analysis of the aqueous layer at 4 hour in­
tervals for a 24 hour period showed only a slight decrease 
in hydrogen peroxide content; this decrease corresponded 
very nearly to a slight peroxidic activity in the hydrocar­
bon layer. It was believed that this activity was due to
TABLE XII
Reaction of a-Methylstyrene
Run^
Olefin 
Wt» g»
Cone» Cone»
HgSO*-#
Reaction
Time-hrs. Decomposition
Concentrate 
% ROOH Wt. g.
1 10 30 15 24 none a 7.5
2 10 30 30 13 moderate^ 34 5
3 10 15 30 24 none 37 7.5
4 10 15 40 12 moderate 10 8
5 10 7 40 24 none 6 8
a. All runs were made with an olefin to aqueous phase ratio of 
1:5 and 0-25®»
b* At 8 hours the water bath was removed since titration showed 
only slight activity© Five hours later it was noticed the 
reaction mixture had developed some color and the flask was 
warm to touch. The reaction was discontinued and the hydro­
peroxide recovered as usual»
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a small amount of hydrogen peroxide* This result was con­
firmed by a chromatographic analysis of the crude after the 
usual purification*
In a second run a 10-g* portion of the olefin was dis­
solved in 80% sulfuric acid with cooling; after this addi­
tion was complete the temperature was adjusted to 0-5®* 
Then, a 12-g* portion of 50^ hydrogen peroxide was added 
slowly at this temperature* This addition resulted in two 
layers* At the end of 24 hours there was little hydroper­
oxide in the organic layer, and this was shown to be hy­
drogen peroxide by chromatography*
e. a-indanyl hydroperoxide
The reaction of propenylbenzene and the non-reactivi­
ty of allylbenzene led the writer to consider the olefin, 
indene, which can be thought of as a modified propenylben­
zene on the one hand and a modified allylbenzene on the 
other*
A 10-g* portion of this olefin diluted with 100 ml* 
benzene was added slowly with stirring to 50 g* aqueous 
solution, containing 30% hydrogen peroxide and 15% sulfur­
ic acid, held at 0-5°* After the addition was complete, 
the mixture was stirred for 24 hours at which time an 
equal portion of saturated ammonium sulfate was added* The 
almost colorless clear organic layer was then separated and
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combined with two ^0-mi, benzene extracts of the aqueous 
phase* This organic layer was then washed with three ^0- 
ml. portions of saturated sodium bicarbonate and with an 
equal volume of saturated sodium chloride* The crude con­
centrate was then percolated over sodium sulfate* Upon 
concentration at reduced pressure, there was obtained a 
mixture which contained only slight peroxidic activity* 
Chromatography on a silicic acid column of a small sample 
showed that the hydroperoxide content was due mainly to hy­
drogen peroxide* The organic layer was then diluted with 
benzene and exhaustively washed with saturated sodium bi­
carbonate to give an organic layer which upon drying and 
concentration showed practically no peroxidic activity by 
titration and showed no hydroperoxide zones on a column*
In a second run, the acid concentration was changed 
to 25^ while the hydrogen peroxide was increased to 21%* 
This mixture was stirred for 24 hours while the tempera­
ture came to 25°* The organic layer was separated and re­
covered in the usual way, with special care being taken to 
eliminate hydrogen peroxide* The crude titrated 1*5^ after 
concentration* A summary of work on indene is shown in 
Table XIII*
f* 1,2,3,4-tetrahydro-l-naphthyl hydroperoxide 
A 10-g* portion of 1,2-dihydronaphthalene diluted with 
50 ml* of benzene was added slowly with stirring to a 50-g*
TABLE XIII
Reaction of Indene
Aqueous Phase Cone* Cone* 
Run* Wt, g* HgOg-# HgSO*-#
1 50 30 15
Concentrate 
Decomposition % ROOH Wt* g*
none trace 8
70
50
21
20
25
40
none
moderate
1.5
6
8
7
a* In all runs, 100 ml* of benzene was used as diluent to 
minimize polymerization* Each run was made with lO g* 
of olefin. Temperature range was 0-5® to 25® at end of 
reaction period, 24 hours*
so
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aqueous layer held at 0-5°, which contained 30^ hydrogen 
peroxide and 1^% sulfuric acid. At one hour, although the 
temperature was still 0-5°, there was decomposition as was 
apparent from the brown droplets which were observed on the 
inner surface of the flask. At two hours there was in­
creased decomposition, but analysis showed only a trace of 
activity. Finally, at four hours when no activity was 
found, the reaction was discontinued.
In a second run, the acid concentration was changed to 
25% while the hydrogen peroxide was decreased to 21%. The 
mixture was then allowed to stir for 24 hours, while the 
temperature came to 25®. At this time the brown color of 
the solution indicated some decomposition had occurred.
The mixture was diluted with an equal portion of saturated 
ammonium sulfate. The organic layer was then separated 
and combined with three 50-ml. benzene extracts of the 
aqueous residue. This organic layer was then washed ex­
haustively with saturated sodium bicarbonate to remove all 
hydrogen peroxide. Upon washing with saturated sodium 
chloride and percolating over sodium sulfate, a crude was 
obtained which upon concentration gave 46% hydroperoxide.
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D. Purification of Hydroperoxides 
1* Distillation 
a. a-methylbenzyl hydroperoxide
A portion of the crude concentrate from the second 
preparative run, analyzing 52% hydroperoxide and shown to 
be free of hydrogen peroxide by chromatography, was chosen 
as the first hydroperoxide for distillation. It was color­
less and free from polymeric materials. This concentrate 
was taken in preference to benzyl hydroperoxide concentrates 
because the latter always contained some color, and decom­
position products if any practical conversion had been ob­
tained.
The column used was 50 cm* in length, about l6 mm. in 
diameter, and was packed with 1/8” glass helices. The dis­
tillation was conducted at a pressure requiring an anti­
bumping device so a fine capillary was used, with purified 
nitrogen being used in a stream of fine bubbles.
In the first distillation the charge was 52 grams. 
Hence, the hydroperoxide recovered by distillation was less 
than that used. Some decomposition took place. Analysis 
of the pot residue showed the presence of a considerable 
amount of acetophenone, a product which can be ascribed to 
the thermal decomposition of the hydroperoxide.
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Distillation No* 1 of a-Methylbenzyl Hydroperoxide 
Head Pot
Fraction
No.
Temp.
*c.
Temp.
®c.
Pressure
mm.
Weight
g*
Purit 
% ROO
1 59 80 3 2 6
2 65 88 3 3 16
3 69 89 3 3 22
4 75 93 3 3 37
5 81 100 3 6 49
6 85 104 3 5 58
7 90 110 3 8 65
8 92 112 3 6 69
9 92 112 3 4 74
10 92 112 3 4 70
11 70 90 3 2 40
Residue 3 6
Total 49
Loss 3
In the second distillation, the crude from the first 
preparative run was used. The charge was 18 g.
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Distillation No* 2 of a-Methylbenzyl Hydroperoxide
Head Pot
Fraction Temp. Temp. Pressure Weight Purity
No. ®C. «»C. mmo g. % ROOH
1 69 87 3 1 29
2 75 92 3 2 40
3 91 110 3 4 57
4 91 110 3 3 65
5 92 112 3 2 65
6 80 100 3 1 43
Residue 3 40
Total l6 
Loss 2 g.
The second distillation was carried out at higher rate 
of take-off to minimize decomposition. This procedure was 
accomplished and there was less acetophenone in the resi­
due, but at the same time, there was less fractionation.
Fractions 6-10 of the first distillation and fractions
3-5 of second distillation were then combined with 9 grams 
of the crude concentrate from the fourth preparative run 
to give 45 g. of crude which analyzed about 64^ hydroper­
oxide. This material constituted the charge for distilla­
tion number three, the results of which are shown below.
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Distillation No. 3 of a-Methylbenzyl Hydroperoxide
Fraction
No.
Head
Temp.
°C.
Pot
Temp.
°C.
Pressure
mm.
Weight
9*
Purity 
% ROOH
1 62 85 1 8 70
2 64 85 1 4 86
3 71 85 1 6 97
4 72 85 1 6 95
5 72 85 1
Residue
Total
Loss
6
J£
42
3
80
10
The two good fractions from distillation number three were
combined to give a charge of 12 g., analyzing 96% hydroper-
oxide, and distilled from a small modified Claisen flask
with a Vigreaux sidearm 30 cm. long and 1 cm. wideo
Distillation No. 4 of a-Methylbenzyl Hydroperoxide
Fraction
No.
Head
Temp.
°C.
Pot
Temp.
°C.
Pressure
mm.
Weight
g.
Purity 
% ROOH
1 60 80 1 1 90
2 61 80 1 3 99.5
3 61 80 1 3 99.5
4 61 80 1
Residue
Total
Loss
3
1
10
1
99.5
98
Thus, it is.seen that by repeated distillation with 
recombination of the good fractions, almost pure hydroper­
oxide was obtained* Nine grams were obtained and a total 
of 79 g* of crude concentrate was used. This is a yield 
of about 11% based on the crude and about 20% based on the 
active oxygen used. Calculated for CgHio02: C, 69.6;
H, 7.2. Found: C, 69.5# H, 7.3.
b, benzyl hydroperoxide
An 80% pure crude benzyl hydroperoxide, 14 g. charge, 
was subject to distillation. A small modified Claisen 
flask with a 3Q cm. x 1 cm. Vigreaux side arm was used as 
the distillation pot. Very little increase in purity of 
the crude concentrate was obtained and in addition some of 
the original hydroperoxide was lost, probably due to therm­
al decomposition. This result was readily apparent from 
the odor of benzaldehyde present in the pot residue and by 
isolation of a derivative of benzaldehyde, phenylhydrazone, 
melting 155-15&°.
Fractions 3-6 of distillation no. 1 were combined and 
distilled over a column 40 cm. long, I6 mm. in diameter 
and packed with 1/8" glass helices.
Distillation No* 1 of Benzyl Hydroperoxide
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Head Pot
Fraction Temp* Temp. Pressure Weight Purity
No* ®C. ®C. mm* g* % ROOH
1 50 95 0.1 1.2 70
2 51 95 0.1 2.3 73
3 52 95 0.1 1.5 80
4 52 95 0.1 1*1 81
5 , 52 95 0,1 1*2 81
6 52 95 0*1 1*4 87
7 52 95 0*1 1*6 75
Residue 2.6 3 c-
Total 12.9
Loss 1.1
Distillation No. 2 of Benzyl Hydroperoxide
Head Pot
Fraction Temp. Temp. Pressure Weight Purity
No. °C. ®C. mm* g . % ROOH
1 55 99 0.2 0.8 73
2 56 99 0*2 0.7 80
3 57 99 0*2 0,7 80
4 57 92 0*2 0*5 77
Residue 0.8
Total 3.5
Loss 1.7
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The charge in distillation no* 2 was small and the dis­
tillation was carried out quickly to minimize decomposition* 
There was some decomposition and very little fractionation*
c. miscellaneous distillations
During the course of this work other hydroperoxides 
were obtained with a purity in the range of 85-95%* It was 
successfully demonstrated, in the case of a-methylbenzyl 
hydroperoxide, that distillation can be used as a method of 
purification* The failure to gain a like increase in the 
purity of benzyl hydroperoxide can be attributed to the 
fact that it is a primary hydroperoxide and hence less sta­
ble, according to common thought; and this instability 
along with the fact that the boiling point is over 2CX)® at 
atmospheric pressure, precluded the successful distilla­
tion, at least to the extent of the systems used in this 
work *
That a-methylbenzyl hydroperoxide is also unstable 
thermally was evidenced by an unsuccessful attempt to dis­
till it over a longer column* A 50-g* charge of this hy­
droperoxide, analyzing about 90% hydroperoxide was charged 
to a column 75 cm* in length and l6 mm* in diameter* When 
this system was brought to reflux at 1 mm#, the pot tempera­
ture was so high that a violent thermal decomposition re­
sulted and demolished the equipment* The system was rede­
signed to give a pressure of about 0*1 mm* with a nominal
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drop across the column. With this system a-methylbenzyl 
hydroperoxide was successfully refluxed, but upon distill­
ation little or no fractionation occurred*
Other attempts at distillation of hydroperoxides were 
made* Such ones as a,4-dimethylbenzyl hydroperoxide, and 
a-ethylbenzyl hydroperoxide were not successfully dis­
tilled. In other cases, such as the concentrates from 
anisyl and cinnamyl alcohols, distillation was not even at­
tempted since the mixtures boiled so high*
2. Salt formation 
a* General procedure 
The fact that hydroperoxides are more acidic than the 
corresponding alcohols suggests that they might be sepa­
rated from an alcoholic impurity or other neutral impuri­
ties by formation of a salt* This procedure has been suc­
cessfully used by previous workers and has been utilized 
in this work to increase the activity of a hydroperoxide 
from a lov/ value, such as 15"50%, to high values in the 
range of 70-90^.
The process of salt formation was simple; a portion 
of a hydroperoxide concentrate was dissolved in a suitable 
organic solvent. This solution was cooled to 10-15®; 
while the solution was being stirred vigorously, a base 
such as sodium hydroxide or potassium hydroxide was added 
slowly. In some cases the salt, a white solid precipitated
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at once* Sometimes the salt precipitated only after re­
frigeration overnight; with some hydroperoxides no salt 
precipitated at all*
The salt was filtered off and washed well, either on 
the filter funnel or by suspension in fresh solvent, to 
remove as much as possible of the neutral or less acidic 
organic compounds present* Then, the salt was decomposed 
with acid to release the hydroperoxide which was then re­
covered.in the usual manner*
b* Precipitation of hydroperoxides as salts
1) a-methylbenzyl hydroperoxide
Preliminary work with low-purity fractions from the 
distillations conducted on this hydroperoxide showed that 
this hydroperoxide formed a sodium salt which precipitated 
at about 10-15°* Also, the decomposing action of base on 
this hydroperoxide was observed*
The concentrate, analyzing 55^» from the third prepa­
rative run, was chosen first for the attempt to gain high­
er activity via the salt formation* The l6-g* concentrate 
was divided into three portions of about 5 9* each* One 
of these portions was dissolved in 50 ml* of ether and at 
room temperature treated with AQ% sodium hydroxide while 
the ether solution was vigorously stirred* Shortly, the 
salt began to precipitate, but it was noticed that some 
color developed and that heat was evolved* Before the
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equivalent amount of base was added, about the half-way 
point, the reaction was stopped and the solution filtered. 
The salt was washed well with fresh ether until free of 
extraneous organic compounds, either hydroperoxide or 
other. This salt was well-formed and easily filtered.
The salt was then suspended in a fresh 50-ml. portion 
of ether and neutralized at 0-5®, with stirring, with di­
lute (4M) hydrochloric acid. The ether layer was then sep­
arated and combined with two 10-ml. ether extracts of the 
aqueous residue. The combined ether layer and extracts 
was then washed with dilute sodium bicarbonate and with 
saturated sodium chloride and dried by percolation over so­
dium sulfate. Removal of the solvent at reduced pressure 
at room temperature gave a concentrate of slightly colored 
material which analyzed 74% hydroperoxide, an increase of 
about 33%. A hydroperoxide balance showed that there had 
been some decomposition, as was assumed at the time the 
color developed and heat was evolved. The amount of hydro­
peroxide recovered was 35%.
A second portion of the crude concentrate from the 
third preparative run was then dissolved in 50 ml. ether 
and cooled to 0-5®. Then, two-thirds the equivalent amount 
of base was added slowly, the mixture being vigorously 
stirred meanwhile. The salt was slower in forming, but 
after refrigeration overnight, had precipitated out well.
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Separation and decomposition of this salt in the manner 
described in the above paragraph followed by recovery gave 
a colorless hydroperoxide concentrate, 1*8 g* in amount, 
which analyzed 85^* A hydroperoxide balance on this run 
showed almost all hydroperoxide originally used was ac­
counted for either in the final concentrate or in the ether 
residue, which had been recovered as though it were an 
original concentrate, that is, washing, drying and concen­
tration. The hydroperoxide recovered was 80% of that pos­
sible had all the base reacted.
The remaining portion of the concentrate from the 
third preparative run was treated in the same manner as 
was the other portion (above paragraph) except that the 
amount of base was just slightly less than the equivalent 
required. The hydroperoxide concentrate, 1.7 g*, recov­
ered was also 85% in purity and the recovery was about 8C^.
The two concentrates of 85% activity which were made 
above, 3.5 9» in amount, were then treated for sodium salt 
formation in the same manner. The concentrate recovered, 
2.6 g., contained 91% hydroperoxide. A repeated salt form­
ation from this crude followed by acid decomposition and 
recovery did not increase the purity further.
2) 1,2,3,4-tetrahydro-l-naphthyl hydroperoxide
This hydroperoxide was purified by salt formation in 
much the same way as discussed above for a-methylbenzyl
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hydroperoxide* The crude concentrate from the first prep­
arative run, 84% hydroperoxide and 7 g* in amount, was dis­
solved in 50 ml. benzene and cooled to 15-20°. Addition 
of 25% sodium hydroxide, the solution being vigorously 
stirred meanwhile, resulted in a copious precipitate being 
formed immediately. This precipitate formed more easily 
than was the case with a-methylbenzyl hydroperoxide. The 
base addition was continued until slightly less than the 
equivalent amount was present. The salt was immediately 
filtered off and washed well with benzene. The salt was 
then suspended in 50 ml. fresh benzene and decomposed with 
4N hydrochloric acid at 0-5° with stirring. Separation of 
the organic layer and combination with two l5-ml. portions 
of solvent gave an organic layer, which upon washing with 
water and drying, followed by concentration at reduced 
pressure on a warm water bath, gave a nearly colorless con­
centrate that solidified upon refrigeration. It analyzed 
89% hydroperoxide and weighed 5.3 grams. A hydroperoxide 
balance showed some decomposition and the remainder of the 
activity was accounted for in the new crude concentrate 
and in the organic residue from the alkaline precipitation. 
The recovery of the hydroperoxide was just under 80%, The 
decomposition product was identified as a-tetralone, di- 
nitrophenylhydrazone, m.p. 257-260°.
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The crude concentrate from the second preparative run, 
6*5 g*f was treated for sodium salt formation in the same 
way as for the first run, but with ether as the solvent. 
Practically the same result was found, a crude concentrate 
of 88% hydroperoxide being obtained in the amount of 4.6 
grams; hydroperoxide recovery was also just under 80%,
This procedure indicated that the solvent had little effect 
in this case.
3) a-indanyl hydroperoxide
Again, the sodium salt procedure was used in an at­
tempt to increase the purity of a hydroperoxide. The crude 
concentrates from the first two runs on this hydroperoxide 
were above 90% in hydroperoxide content. The crude concen­
trate from the first run, 4.3 g., was dissolved in 50 ml. 
of petroleum ether, 30-60° range, and cooled to 0-5°* 
with stirring, 5N sodium hydroxide was added dropwise until 
precipitation which occurred immediately was essentially 
complete. This control was accomplished by momentarily 
cessation of stirring while the action of the next drop of 
base was observed. By this procedure it was found that al­
most the equivalent amount of base was added before the 
addition of further base ceased to cause a precipitate to 
form.
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The salt was then filtered off and purified as before* 
Decomposition of the salt and recovery of the hydroperoxide 
gave a concentrate which was exactly the same as that used, 
93% hydroperoxide; this procedure was repeated on the new 
crude; no improvement in purity was found*
4) miscellaneous hydroperoxides
In Table XIV are shown other hydroperoxides which were 
purified by precipitation as sodium salts and recovery in 
the usual way*
TABLE XIV
Purification of Hydroperoxide by Precipitation 
as Sodium Salts
Hydroperoxide
2,5“cc-trimethyl benzyl
a-propylbenzyl
a-ethylbenzyl
4-a-dimethylbenzyl
a,a-dimethylbenzyl
Crude 
Concentrate 
% ROOH
47
68
87
63,74
37
Final 
Concentrate 
% ROOH
88
89
88
89,89
85
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c* Alkaline extraction of hydroperoxides ,
1) benzyl hydroperoxide
The initial attempts to precipitate benzyl hydroper­
oxide as a sodium salt indicated to the writer that it was 
very unstable* The crude concentrate from the third run 
which weighed 8*3 g* and analyzed 22% hydroperoxide was 
dissolved in 50 ml* benzene to give a 3*5% solution; this 
was extracted in a separatory funnel with slightly less 
than the equivalent amount of ice cold 5N sodium hydroxide 
in two portions. This aqueous solution was then separated 
and washed with two 10-ml* portions of benzene* The washed 
aqueous phase was then treated with dry ice and extracted 
with benzene, two 20-ml* portions* This extract was washed 
with water and dried by percolation over sodium sulfate* 
Concentration gave a yellow oil which titrated practically 
no hydroperoxide* The benzene residue from the original 
alkaline extraction smelled of benzaldehyde, as did the 
crude recovered by acid decomposition and extraction* This 
method showed that normal extraction in a separatory funnel 
with less-than-equivalent amounts of base was useless* 
Benzaldehyde identified as the phenylhydrazone, m*p* 156- 
157*.
The crude concentrate from the fifth run, after wash­
ing and drying, but before concentration, analyzed 4%* To 
this concentrate at ice bath temperature was added 20 g*
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of a 25% solution of sodium hydroxide slowly with stirring; 
some color was observed at this point* This mixture was 
then stirred for one hour at ice bath temperature since a 
test of the aqueous residue after the initial addition 
showed no stable salt formation* At this time no precipi­
tate had formed and the mixture was dark red in color*
The aqueous layer was separated from the benzene layer, 
and washed with two 20-ml* portions of benzene* This was 
then neutralized at 0-5® with stirring with 2N hydrochloric 
acid in the presence of 50 ml* petroleum ether* The ether 
extract was then washed with dilute sodium bicarbonate, 
and then saturated sodium chloride. After percolation over 
sodium sulfate, the ether was removed at room temperature 
and reduced pressure to give a concentrate which contained 
almost no hydroperoxide* The benzene residue from the 
original alkaline extract contained traces of hydroper­
oxide* This experiment showed that continued extraction 
of the hydroperoxide concentrate with an excess of base 
was not a practical method of increasing the activity of 
this hydroperoxide*
The organic concentrate from the sixth run analyzing 
30% hydroperoxide and weighing 27 g. was dissolved in 
ether to a A-% solution and treated with 90ft> of the equiva­
lent amount of 40^ sodium hydroxide, at 0-5® with stirring* 
Neither solid salt nor slurry was formed* This solution
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was immediately removed from the ice bath* The reaction 
mixture became quite warm to the touch. The odor of benz­
aldehyde was evident, so the solution was again cooled to
0-5® and refrigerated* After standing overnight, the so­
lution showed no evidence of a precipitate* The solution 
was neutralized in the usual way* Recovery of the organic 
layer and concentration gave a residue which contained no 
hydroperoxide* It gave a positive test for benzaldehyde 
in the form of a phenylhydrazone, m.p. 155-157®* The same 
was true of the residue recovered from the original alka­
line extraction and from the original reaction concentrate 
as isolated*
The benzene layer from the eleventh run which titrated 
8*20 hydroperoxide after recovery but without concentra­
tion, was extracted quickly in a separatory funnel with two 
10 ml* portions of 250 sodium hydroxide* Heat and color 
developed in the aqueous phase* The aqueous layers were 
quickly removed in both extractions and decomposed, with­
out washing, in the usual manner* Recovery of the hydro­
peroxide gave a concentrate analyzing 250 hydroperoxide. 
This concentrate was essentially of the same purity as was 
obtained from the fifth run directly from the reaction 
upon concentration, and which would have been obtained from 
the eleventh run had the 8*20 reaction crude concentrate 
been subjected to concentration* The amount of base used
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was 80% of the theoretical required* This procedure illus­
trated the use of less-than-equivalent base in a manner 
which usually would be criticized as poor technique in that 
the aqueous extracts were not washed to remove traces of 
organic compounds which were carried along mechanically*
The organic layer recovered from the twelfth run ana­
lyzed 5% without concentration and showed very little ev- 
dence for decomposition* After refrigeration overnight, 
this was concentrated, dissolved in 50 ml* ether, and then 
extracted quickly with portions of 25% sodium hydroxide 
which totaled only about 80^ of the equivalent* There was 
some decomposition, but upon neutralization of the aqueous 
alkaline solution and recovery of the hydroperoxide a very 
small amount, less than a gram, of 47% hydroperoxide con­
centrate was obtained*
Finally, with the concentrate from the fourteenth run, 
the results of aqueous alkaline extraction which had been 
originally desired were obtained* The thirteenth run had 
been made using toluene as the organic diluent* The con­
centrate from this had been treated with ice-cold sodium 
hydroxide but there was decomposition and color had de-, 
veloped in the aqueous layer® The organic residue from the 
extraction of the thirteenth run was used as the organic 
phase for the fourteenth run* The concentrate recovered 
contained 17*6% hydroperoxide* This was diluted with 50ml*
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ether and a 10-ml* portion of cold 25% sodium hydroxide 
was added* This at once gave a deep red color, heat was 
evolved and odor of benzaldehyde was evident* The organic 
layer was at once separated and another portion of cold 
25% sodium hydroxide was added* Immediately the mixture 
was diluted with 50 ml* cold water and shaken vigorously 
for a few minutes* The aqueous layer was then separated, 
cooled to 0-5° and decomposed with acid and extracted with 
ether with stirring* The ether layer was separated, washed 
with dilute sodium bicarbonate and dried. This was concen­
trated to a light yellow oil which titrated 80% hydroper­
oxide*
To determine the validity of this procedure, a fresh 
concentrate of hydroperoxide was obtained from a duplica­
tion of the fifth run* This was concentrated to about 17% 
and then diluted with 50 ml* ether* A 10-ml* portion of 
25% sodium hydroxide was diluted with 50 ml* water, cooled 
to ice-bath temperature and added quickly to the ether so­
lution and the procedure from here on was the same as de­
scribed in the above paragraph* The crude recovered ti­
trated 78% hydroperoxide.
2) cinnamyl anddphenylallyl hydroperoxides
This mixture of hydroperoxides resulted, along with a 
polyfunctional compound, from the action of acidic hydro­
gen peroxide on cinnamyl alcohol*
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The concentrate obtained from the first run, which 
analyzed 55^ hydroperoxide and weighed 1*6 g., was diluted 
with ^0 ml* ether, cooled to 0-5°, and treated with 80^ 
the equivalent amount of 25% sodium hydroxide with vigor­
ous stirring* No solid formed so the aqueous layer was 
separated, wasned with ether and after suspension in fresh 
ether was neutralized at 0-5° with 2N hydrochloric acid*
The concentrate obtained upon separation of the ether layer 
and recovery in the usual way analyzed only 54% active oxy­
gen* The weight recovered was about 0*9 g* A hydroperoxide 
balance accounted for most of the hydroperoxide in the new 
crude and in the ether residue from the alkaline extraction*
The total hydroperoxide from the first run, that re­
covered both from the ether after alkaline extraction and 
that obtained by neutralization of the alkaline extract, 
was diluted with 50 ml* ether and cooled to ice bath temp­
erature* A slight excess (10%) of 40% sodium hydroxide was 
added slowly with stirring* A solid formed; it was sepa­
rated, washed by décantation with ether and filtered dry* 
Then it was suspended in fresh ether and neutralized at 0- 
5° with 2N hydrochloric acid* The ether layer was sepa­
rated, washed well with water and dried over sodium sul­
fate. Upon concentration a residue which analyzed 6C^ hy­
droperoxide was obtained*
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A portion of the concentrate from the second run, 
analyzing ^8^ and weighing 37 g*, was diluted with 100 ml. 
ether and treated with 55 9* of 25^ sodium hydroxide. This 
was started at room temperature and heat was evolved, in­
dicating reaction and/or decomposition. No precipitate was 
formed so the solution was stirred overnight at ice-bath 
temperature. Upon separation of the aqueous phase, washing 
and neutralizing in the usual way, an ether layer was ob­
tained and upon concentration gave a residue which analyzed 
but 33/5, This 33^ residue was then treated with base, this 
time almost the theoretical amount of 40^ sodium hydroxide, 
with little improvement in concentration. This final con­
centrate was diluted again with ether and stirred while a 
slight excess of 60% sodium hydroxide was added. No pre­
cipitate formed so the mixture was stirred overnight, the 
ether being allowed to evaporate. A hydroperoxide balance 
then showed that all activity had disappeared.
From the crude of the fifth run, a gummy residue giv­
ing a small titration for hydroperoxide, no higher purity 
was obtained when treatment with 40% sodium hydroxide was 
completed. Thus, there was no practical improvement in 
purity of this crude concentrate from any of the treat­
ments to which it was subjected.
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3) p-methylbenzyl hydroperoxide
The crude concentrate from the first run analyzed 
17.50 hydroperoxide and weighed 6 g<, It contained some 
color and apparently some decomposition had taken place. 
This was diluted with 50 ml. ether and quickly extracted 
with 10 ml. of 2N sodium hydroxide, 80% of the equivalent 
amount. This aqueous layer was then separated, washed with 
ether and decomposed for recovery of the hydroperoxide in 
the usual way. The concentrate obtained analyzed 48% hy­
droperoxide, about 0,5 g* being obtained.
A repeated sodium salt extraction on this 48% crude 
in the same general manner as discussed in the above para­
graph gave a crude which analyzed
4) p-methoxybenzyl hydroperoxide
The concentrate from the third run which analyzed 41% 
and weighed 1.2 g, was chosen for purification by sodium 
salt formation. With a technique similar to that described 
in several places above, this concentrate was increased in 
purity to 69% with one salt formation and recovery.
5) miscellaneous hydroperoxides
In Table XV all the work in which alkaline extraction 
was used which has not been discussed in detail has been 
summarized.
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TABLE XV
Purification of Hydroperoxides as Sodium Salts 
by Alkaline Extraction
Hydroperoxide
ra-methylbenzyl
£,“methylbenzyl
1-a-naphthylethyl
1-p-naphthy1ethyl
4-methoxy-a-methylbenzyl
a-ethyl-p-methylbenzyl
a-i sopropylbenzyl
Crude 
Concentrate 
% ROOH
25*6
16*6
50
34
40
63
36
Final 
Concentrate 
% ROOH
46
63
16
25
48
90
88
3* Recrystallization
a. General
This technique was used only in a few cases during 
this work* The alcohol and hydroperoxide usually had about 
the same solubility, but by repeated recrystallization pure 
samples were obtained*
b* Purification of hydroperoxides by recrystallization
1) l»2,3,4“tetrahydro-l-naphthyl hydroperoxide 
The 90% concentrates from the sodium salt purifica­
tion procedures on the concentrates of the first two runs 
were further purified by recrystallization* A 4 g* por-
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tion of 90% crude was dissolved in the minimum amount of 
warm 30-6O® petroleum ether. This solution was filtered 
and allowed to cool «ntil precipitation was complete. Fil­
tration and drying gave a nicely formed white crystalline 
compound which analyzed 99*5% and melted 54.0-54.5®. The 
same result was observed when the crude concentrate from 
the second run was used.
The original crude concentrate from the third prepara­
tive run analyzed 80^ and weighed six grams. This product 
was dissolved in petroleum ether, 30-60* range, filtered 
and allowed to recrystallize. The product was separated 
and analyzed 87^ hydroperoxide. Two repeated recrystalli­
zations gave a pure product analyzing 99*60 pure and melt­
ing 54-54.5®* Calculated for C10H12O2: C, 73.2; H, 7*35
Found: C, 73*4; H, 7*4.
2) 1,1-diphenylmethyl hydroperoxide
This hydroperoxide was prepared from benzhydrol and a 
crude concentrate of 800 purity was obtained. This pro­
duct was dissolved in 60-40 mixture of benzene and ethyl- 
acetate, filtered while hot and allowed to cool. Precipi­
tation occurred and filtration gave a white crystalline 
solid analyzing 840 hydroperoxide. Two more similar re­
crystallizations gave a white crystalline solid analyzing 
better than 990 and melting 49s5~50®, literature, 50-51®® 
Calculated for C13H12O2: C, 78,0; H, 6,0, Found: C, 77*9*
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H, 5.9.
3) 1,2-diphenylethyl hydroperoxide
The action of acidic hydrogen peroxide on 1,2-diphenyl* 
ethanol gave a solid hydroperoxide concentrate which ana­
lyzed Four successive recrystallizations from a ben-
zene-ethyl acetate mixture gave a white solid which ana­
lyzed only 97% hydroperoxide.
4. Determination of purity
a. General
Relatively few hydroperoxides were obtained in suffi­
ciently high purity to permit the use of physical proper­
ties as criteria for their purity. Most of those prepared 
were high boiling secondary or primary hydroperoxide.
b. Methods of estimating purity of hydroperoxides
1) titration
Thé active oxygen of a hydroperoxide has been used as 
one criteria for purity. The hydroperoxy group can be 
easily reduced with such a reagent as potassium iodide in 
acetic acid or ferrous sulfate. The iodometric method was 
chosen as the method of analysis in this work and proved 
satisfactory throughout.
In the cases where the hydroperoxide content was 50% 
or higher enough sample was used to require 10-15 ml. of 
O.IN sodium thiosulfate. This sample was dissolved in 25
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ml# of glacial acetic acid to which had been added 2 g* 
sodium bicarbonate to drive out all air, followed by 2 ml# 
of saturated potassium iodide# At the same time a blank 
was prepared. These were stoppered and allowed to stand 
in the dark for twenty minutes# At this time they were 
titrated to the end point, the yellow-brown color of the 
iodine being used as the indicator#
For hydroperoxide concentrates which were less active 
sufficient sample was used to require 2-3 ml. of O^IN so­
dium thiosulfate»
2) chromatography
The technique of chromatography of hydroperoxides was 
used in two ways# In the first instance, it was used to 
determine whether or not free hydrogen peroxide was com­
pletely removed in the experimental procedures which fol­
lowed the reaction# Hydrogen peroxide was so strongly ad­
sorbed that it remained at the top of a column in compari­
son with any hydroperoxide used in this study#
A chromatographic column 8” long and 3/4" in diameter 
was packed with Atellinckrodt silicic acid, 100 mesh, and 
washed with benzene until the liquid just started to come 
out at the bottom of the column# This amount of benzene 
was called one volume of solvent* Then, a small concentra­
tion of hydrogen peroxide in one ml* benzene was introduced 
at the top of the column. The column was then developed
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with three volumes of 10^ ethyl acetate in Skellysolve B, 
freed of peroxides by passing over silica gel. The column 
was extruded and streaked with a colorless solution of 
potassium iodide in acetic acid# The zone of hydrogen 
peroxide was at the top of the column, indicating it was 
not moving under the influence of the developer.
A 3% solution of £-methylbenzyl hydroperoxide in ben­
zene was prepared from the first run on this hydroperoxide. 
One milliliter of this prepared solution was introduced on 
a properly prepared column and developed with two volumes 
of 5% ethyl acetate in Skellysolve B, This column upon 
being extruded and streaked showed only one active oxygen 
zone} this was just about one-third down the column. An­
other column treated in the same way except that 2 volumes 
of 10% ethyl acetate were used, showed the same single 
zone further down the column. An important feature was 
the absence of hydrogen peroxide from such a preparation. 
Columns prepared using £-methyl- and m-methylbenzyl 
hydroperoxides were used in the same way. No hydrogen per­
oxide was found in either case; the meta compound turned 
out to be just above the midpoint of the column and the 
ortho was just below the midpoint.
The second use of chromatography was in determining 
whether or not more than one organic hydroperoxide was pre­
sent in a given concentrate. This was very well demon-
121
strated on the crude prepared from cinnamyl alcohol*
A 2*2% solution of peroxidic compounds in benzene was 
made* A 1-ml* portion of this was introduced on a column 
prepared in the usual manner* This was developed with 
three volumes of 10% ethyl acetate in Skellysolve B* Three 
definite zones were formed. There was a heavy zone at the 
bottom, a slightly heavier one just above it and much 
lighter zone just below the top.
Another column was prepared and extruded. The column 
was quartered lengthwise, one quarter being streaked to 
indicate the zones. The separate zones were then cut out 
of the other three-quarters and the amount of hydroperoxide 
was titrated for each. By this method, done in duplicate, 
the position of equilibrium was found to be 67-33» the 
larger figure being the cinnamyl isomer.
Other hydroperoxides were used in chromatography, but 
the main purpose was to see if free hydrogen peroxide were 
present.
3) melting point
This was used in the two cases above where solid hy­
droperoxides were prepared in high purity, namely 1,2,3*4- 
tetrahydro-l-naphthyl and 1,1-diphenylmethyl. In another 
case, that of 1,2-diphenylethyl, the solid was not obtained 
pure enough to warrant a melting point.
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4) refractive index
In the case of o-methylbenzyl hydroperoxide a refrac­
tive index of n ^  1*5265-1*5267 was found for various sam-
20
pies prepared. This corresponds closely to that of n^ 
1.5269 from a sample prepared by the direct oxidation of 
ethylbenzene.
No other refractive index is reported since a 90^ 
crude could only have the correct index of a pure compound 
by a fortuitous combination of products.
5) boiling point
The successful distillation of a-methylbenzyl hydro­
peroxide permitted its boiling point data to be used in 
the preparation of succeeding runs. It was not a very good 
criteria since a very small different in pressure in com­
parative runs made it vary.
E, Degradation of Hydroperoxides 
Ic Acid catalyzed decomposition 
a. Cinnamyl and a-phenylal&yl hydroperoxides
The crude from the sixth run was divided into three 
portions of 15 g. each. A 15-g* portion was dissolved in 
150 ml. glacial acetic acid and cooled to 0-5®. Then,
0.2 ml. of perchloric acid dissolved in 5 ml. glacial 
acetic acid was slowly added. After the addition was com­
plete, the mixture was allowed to stand for 72 hours. At
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this time powdered potassium acetate was added to remove 
the perchloric acid. The mixture was then neutralized 
with saturated sodium bicarbonate and extracted with three 
50-ml. portions of ether. This ether extract was then ex­
tracted with portions of sodium hydroxide until the 
alkaline extract no longer was colored. This combined 
alkaline extract was then washed with ether, the ether 
washes being combined with the residue from the alkaline 
extraction*
The sodium hydroxide solution was then neutralized 
with dilute (4N) hydrochloric acid and extracted with three 
50-mlo portions of ether. After this ether extract was 
washed with dilute sodium bicarbonate and water and then 
dried, it was concentrated. The odor of phenol was appar­
ent. A 1-g. portion of this ether residue was dissolved in 
50 ml. glacial acetic acid and treated with 3 9* bromine. 
This mixture was allowed to stand for thirty minutes and 
then poured into 100 ml. water. A precipitate formed. It 
was filtered off, washed with glacial acetic acid to re­
move the bromine and then recrystallized from dilute alco­
hol to give; an almost white crystalline solid which melted 
at 95“96® after drying and which did not give a depressed 
melting point when mixed with an authentic sample of 2,4,6- 
tribromophenol.
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From the neutral ether fraction there was isolated a 
concentrate which formed a 2,4-dinitrophenylhydrazone pre­
cipitate in the usual manner* This precipitate was re­
crystallized from ethyl acetate; the melting point was not 
sharp, but covered a very wide range, indicating the pos­
sible presence of more than one compound.
A small sample of this mixture was introduced on a 
column 8 in. long and 3/4 in. in diameter packed with 
silicic acid as before and developed with 3 volumes of 5^ 
ethyl acetate in Skellysolve B. This gave a complex column 
with several zones. This column was extruded and cut into 
zones which were again chromatographed. The zones in the 
rechromatographed sample were identified by comparison 
with a standard column of phenylacetaldehyde, acrolein, 
and cinnamaldéhyde. The original aqueous residue from the 
first ether extraction provided a mixture of 2,4-dinitro- 
phenylhydrazones which were chromatographically identified 
as those of formaldehyde and acrolein. The dinitrophenyl- 
hydrazone from the lower zone was analyzed for nitrogen. 
For the derivative from acrolein it should have analyzed 
23.7» A nitrogen content of 23.2 was actually found.
bè a-ethylbenzyl hydroperoxide
A portion of a crude concentrate from the reaction of 
ethylphenyl carbinol was treated with perchloric acid under
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the same conditions as discussed for the cinnamyl alcohol 
product* From the alkaline extract after decomposition 
with acid and recovery there was obtained upon bromina- 
tion in glacial acetic acid a solid melting at 95~9&** 
this was further identified as 2,4,6-tribromophenol by a 
mixed melting point* From the neutral ether fraction was 
obtained a mixture of 2,4-dinitrophenylhydrazones one of 
which was identified by chromatography as propionaldéhyde*
A portion of a crude mixture from the reaction of pro- 
penylbenzene was also decomposed in the presence of per­
chloric acid* From this reaction mixture was obtained 
phenol, identified as the tribromo derivative and propion­
aldéhyde, identified as the 2,4-dinitrophenylhydrazone by 
c hromatography *
c* miscellaneous
In Table XVI are listed the hydroperoxides or concen­
trates which were decomposed with acidic catalysts and the 
products which were identified*
2* Base catalyzed decomposition 
a* benzyl hydroperoxide 
A crude concentrate from a reaction mixture was shaken 
in a separatory with 40% sodium hydroxide at room tempera­
ture until there was no hydroperoxide remaining in the or­
ganic layer* The mixture was then extracted with two 50-ml*
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TABLE XVI
The Acid Catalyzed Decomposition of Hydroperoxides
Hydroperoxide
a-ethylbenzyl
a-ethylbenzyl
a-methylbenzyl
benzyl
cinnamyl
a-phenylallyl
0-methylbenzyl
m-methylbenzyl
p-methylbenzyl
Source
propenylbenzene
ethylphenylcarbi-
nol
methylphenylcarbi-
nol
benzyl alcohol
cinnamyl alcohol
Products
phenol , propional­
déhyde^, propiophe- 
none
phenol^, propion­
aldéhyde®, propion- 
phenone®
phenol^, acetalde- 
hyde®, acetophenone&
phenol^, formalde­
hyde, benzalde-
hydeB*b,g,i
phenylacetaldehyde^,
cinnamaldéhyde®*®,
formaldehyde
cinnamyl alcohol phenol^, acrolein^
o-methylbenzyl
alcohol
m-methylbenzyl
alcohol
p-methylbenzyl
alcohol
a,a-dimethylbenzyl a-methylstyrene
1,1-diphenylmethyl benzhydrol
1,2-diphenylethyl 1,2-diphenyl
ethanol
4,a-dimethylbenzyl p-tolylmethyl
carbinol
o-cresol , formalde­
hyde, o-methylbenz- 
aldehyde®»®
•Fm-cresol , formalde­
hyde, m-methylbenz- 
aldehydea*b
p-cresol^, formalde­
hyde, p-methylbenz- 
aldehyde®;b
phenol^, acetone^,
acetophenonea »b
phenol^, benzalde- 
hyde®
phenol^, phenyl­
acetaldehyde®
p-cresol^, acetalde- 
hydeb
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TABLE XVI (cont.)
Hydroperoxide_________ Source __ Products.
4-methyl-a-ethyl- p-tolyethylcarbin- 
benzyl ol
4-methyl-a-ethyl- 4-a-dimethyl-
benzyl styrene
2,5-cc-t r imethyl - 2,5“CC“ trimet hy 1 -
benzyl benzyl alcohol
a-propylbenzyi propylphenol
carbinol
a-isopropylbenzyl phenylisopropyl
carbinol
1-styrylethyl
p-methoxybenzyl
4-raethoxy-a-
methylbenzyl
styrylmethyl
carbinol
anisyl alcohol
4-methoxyphenyl- 
methyl carbinol
p-cresol^, propion­
aldéhyde^# p-methyl- 
propiophenone^ » b
p-cresol^, propion- 
aldehydeb, ^methyl- 
propiophenone&»b
acetaldehydeb, 2,5- 
dimethylphenol"
phénol^, butyraldé­
hyde", phenylpropyl 
ketone^»b
phenoïc, isobutyr­
aldéhyde", phenyl­
isopropyl ketone®»"
acetaldehydeb
p-methoxyphenoneh
p-methoxyphenol^j
acetaldehyde"
a. These products are not explicable from the acid degrada­
tion mechanism* They probably arise as a result of 
free radical decomposition* 
b* Identified as 2,4-dinitrophenylhydrazone*
Ce Identified as tribromo derivative* 
d. Identified as benzoate* 
e* Identified as 2,4-(N02)2 benzoate* 
f» Identified as a-naphthylurethan*
9* Identified as phenylhydrazone*
h* Postulated product. See J* Am* Chem* Soc*, 26, 5777 
(1954).
i* Identified as semicarbazone.
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portions of ether* The ether extract was then washed well 
with water and dried by percolation over sodium sulfate* 
Upon concentration, a residue was obtained which gave a
2,4-dinitrophenylhydrazone, m*p* 236-237*, which did not 
depress the melting point of a known benzaldehyde deriva­
tive and behaved like the known on a chromatographic column* 
A semicarbazone, m*p. 221-220® and a phenylhydrazone, m.p* 
156-157° were also formed*
In an alternative procedure a crude was heated on a 
steam bath momentarily with 5% sodium hydroxide until some 
hydroperoxide had decomposed* Recovery of the organic 
crude gave positive tests for benzaldehyde as listed above*
b. 1,2,3,4-tetrahydro-l-naphthyl hydroperoxide 
A sample of the crude concentrate was heated on a 
steam bath with 40% sodium hydroxide until all hydroper­
oxide had decomposed* The organic residue was then taken 
up in ether, washed and dried* Upon concentration and 
treatment with 2,4-dinitrophenylhydrazine a derivative was 
formed which upon recrystallization and drying gave a m*p. 
258-260® which did not depress the melting point of an 
authentic sample and which was chromatographically identi­
cal to a known derivative of a-tetralone*
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ç* a-indanyl hydroperoxide 
A portion of a crude concentrate was decomposed in a 
manner similar to that for the naphthyl derivative to give 
upon treatment with semicarbazide hydrochloride a white 
solid, m.p. 232-233° with decomposition, which did not 
give a depressed melting point with a known sample of 
a-indanone semicarbazone.
"In another procedure, a portion of crude in ether was 
treated with 40% sodium hydroxide until the sodium salt 
precipitated. This was then separated and washed to re­
move all traces of organic impurities. A portion of this 
salt was then decomposed by heating with dilute sodium hy­
droxide on a steam bath to give 1-indanone, identified 
also as a semicarbazone, m.p. 232-233°*
As an alternative procedure, the hydroperoxide was 
dissolved in piperidine with cooling and allowed to stand 
at room temperature for three days. Then, the mixture was 
acidified with hydrochloric acid and extracted with ether. 
Recovery of the organic residue and treatment with semi­
carbazide hydrochloride gave a semicarbazone, m.p. 232-233°*
d. miscellaneous hydroperoxides 
In Table XVII are listed other hydroperoxides which 
were decomposed under basic conditions and the products 
isolated and identified.
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TABLE XVII
The Base Catalyzed Decomposition of Hydroperoxides
-Hydroperoxide
a-methylbenzyl
2,5“d-trimethyl- 
benzyl
4-a-dimethyl-
benzyl
a-ethylbenzyl
1-styrylethyl
cinnamyl
a-phenylallyl
Source Products
methylphenylcarbinol acetophenone'
2,5-a-trimethyl- 
benzyl alcohol
p-tolylmethyl-
carbinol
ethylphenylcarbinol
styrylmethylcarbino1
cinnamyl alcohol
cinnamyl alcohol
2,5~dimethyl-
acetophenone°
p-methylaceto- 
■“ phenone"
propiophenone®
benzalacetone^
cinnamaldéhyde^
phenylvinyl , 
ketone
a. Identified as 2,4(N02)2 phenylhydrazone*
b* Identified as semicarbazone*
c. Identified as phenylhydrazone*
d* Identified as 2,4-dinitrophenylhyLrazone*
3* Thermal decomposition
a* a-methylbenzyl hydroperoxide
A portion of a crude residue from the first distilla­
tion of this hydroperoxide was diluted with ether and ex­
tracted with 5^ sodium hydroxide until the alkaline layer 
was colorless* Then, the ether residue was washed well 
with water and dried over sodium sulfate* Upon concentra­
tion and treatment with 2,4-dinitrophenylhydrazine a pro­
duct was formed which, after recrystallization from ethyl 
acetate, melted 249-250° and did not give a depressed
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melting point with a known acetophenone dinitrophenylhydra- 
zone.
A part of the 4th fraction of distillation four, 2g., 
was dissolved in 50 ml. benzene and refluxed until all 
traces of hydroperoxide had disappeared. Concentration of 
this at reduced pressure gave a crude residue which gave a
2,4-dinitrophenylhydrazone that, after recrystallization 
from ethyl alcohol-ethyl acetate, melted 249-250*.
b. benzyl hydroperoxide
The crude from the eleventh run on benzyl alcohol had 
been subjected to distillation in an unsuccessful attempt 
to purify the hydroperoxide. This residue upon treatment 
with 2,'4-dinitrophenylhydrazine gave a compound melting 
237-238*, identified as benzaldehyde 2,4-dinitrophenylhy­
drazone, by a mixed melting point with a known derivative.
VI. SUMMARY
1. A procedure for the conversion of benzyl alcohol 
and ring-substituted benzyl alcohols to the corresponding 
hydroperoxides has been devised. Six primary alcohols 
have converted to hydroperoxide concentrates by this 
method.
2. The same general procedure has been used to pre­
pare a series of hydroperoxides from alkylphenylcarbinols 
and ring-substituted alkylphenylcarbinols. By this method,
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nine hydroperoxides have been prepared in concentrations 
ranging from 48 to 100%,
3. Cinnamyl alcohol has been converted to a hydro­
peroxide mixture which contained both the cinnamyl and 
the a-phenylallyl isomers,
4, Styrylmethylcarbinol has also been converted to a 
hydroperoxide concentrate,
5» The hydroperoxides corresponding to a-tetralol, 
a-indanol and 7“methyl-a-tetralol have also been prepared, 
the first in 100% purity,
6* Two naphthylmethylcarbinols have been converted 
to the corresponding hydroperoxides,
7* Conjugated phenylated olefins have been found to 
react with hydrogen peroxide i ■ acidic solution. By this 
method, propenylbenzene and 4-a-dimethylstyrene have been 
converted to hydroperoxides, a-Methylstyrene was converted 
to a,a-dimethylbenzyl hydroperoxide,
8, Benzhydrol and 1,2-diphenylethanol were easily 
converted to high purity hydroperoxides,
9, Indene has been found to be only slightly reactive 
while 1,2-dihydronaphthalene reacts fairly well to give a 
hydroperoxide.
10, The reaction of these various alcohols with acidic 
hydrogen peroxide can be correlated with the SNl reactions 
of the corresponding halides.
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TABLE XVIII
Summary of Hydroperoxides Prepared
Name % ROOM Method of Purification
benzyl .87
^-methylbenzyl 63
m-methylbenzyl 46
^-methylbenzyl 68
2-methoxybenzyl 69
jn-methoxybenzyl 53
a-methylbenzyl 99*5
a-ethylbenzyl 88
a-ethyl-&-methylbenzyl 90
a-propylbenzyl 89
a-isopropylbenzyl 88
4-a-dimethylbenzyl 89
4-methoxy-a-methylbenzyl 48
cinnamyl 60
a-phenylallyl 60
1» 2,3 »4-tetrahydro-1-
naphthyl 100
a-indanyl 93
7-methyl-1,2,3,4-tetrahydro-
1-naphthyl- 60
1.1-diphenylmethyl 100
1.2-diphenylethyl 97
1-a-naphthylethyl 50
1-p-naphthylethyl 34
1-styrylethyl 48
2,5-a-trimethylbenzyl 88
a,a-dimethylbenzyl 85
Alkaline extraction 
and distillation 
Alkaline extraction 
Alkaline extraction 
Alkaline extraction 
Alkaline extraction 
Alkaline extraction 
Sodium salt formation 
and/or distillation 
Sodium salt formation. 
Alkaline extraction 
Sodium salt formation 
Alkaline extraction 
Sodium salt formation 
Alkaline extraction 
Alkaline extraction 
Alkaline extraction
Sodium salt formation 
and recrystallization 
Crude concentration
Crude concentration 
Recrystallization 
Recrystallization 
Alkaline extraction® 
Alkaline extraction® 
Crude concentration 
Sodium salt formation 
Sodium salt formation
These concentrates were less active 
after sodium salt formation.
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